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ETC.   ETC. 


My  very  dear  Friend, 

It  is  with  the  liveliest  pleasure  that  I  inscribe 

,.ew  "The  Wonders  of  Geology"    with  your 

.stinguished  name :  for  although  we  have  never 

et — and  probably  never  shall  meet  in  this  world 

— ^a  friendship  originating  in  mutual  respect  and 

gard,  and  cemented  by  an  unrestricted  corre- 

,K)ndence,   and  an    unreserved   interchange    of 

;ught  and  feeling,   for  nearly   twenty   years, 

eds    not    the  aid   of  personal  intercourse   to 

urease  its  ardour,  or  ensure  its  permanence. 

A  2 


•  l^  DEDICATION. 

That  you  may  long  be  spared  for  the  advance- 
ment of  the  Sciences  you  have  so  successfully 
cultivated  and  promoted — and  for  the  benefit  of 
your  countrymen  whose  national  character  your 
labours  have  so  greatly  contributed  to  elevate  and 
refine — and  for  the  delight  of  a  large  domestic 
circle  by  whom  you  are  aUke  respected  and 
beloved — ^is  the  fervent  prayer  of 

Your  much  attached  friend, 

Gideon  Algernon  Mantell, 


19,  Chesteb  Squabe,  Pimlico; 
London,  Jan.  1848. 


ADVERTISEMEIfT, 


Although  but  a  few  years  have  elapsed  since  the 

«t  edition  of  these  Tolumes  issued  from  the  press^ 
tb  great  advancement  of  Geology  and  the  collateral 
Sciences  rendered  it  necessary  to  corapose  the  entire 
Work  anewj  that  the  most  important  recent  disco- 
veries in  Palseontologyj  and  the  new  or  modified  views 
of  geological  phenomena  resulting  from  the  progress 
of  knowledge,  might  he  incorporated  in  the  respec- 
tive Lectures* 

The  time  and  labour  required  for  the  preparation  of 
file  present  edition  have,  therefore,  been  considerable; 
and  eince,  like  all  my  former  works,  these  volumes 
tave  been  composed  in  the  Lntervab  of  arduous  pro- 
fessional avocations,  I  venture  to  claim  indulgence 
for  any  iiiaccuracieSj  repetitions,  or  omissions. 

I  would  especially  entreat  the  favourable  consi- 
Joration  of  B^ny  author  whose  statements  or  opinions 
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ADVEETISEMENT. 


I 


may  appear  in  the  following  pages  without  referencej 
or  due  acknowledgment ;  for^  in  the  multiplicity  of 
subjects  comprised  in  this  edition,  I  am  appre- 
hensive that  I  ma  J  J  in  some  instances,  have 
inadvertently  stated  as  original,  ideas  and  suggcatlons, 
unconsciously  derived  from  the  works  of  others. 

The  style  and  arrangement  of  the  Lecturea  have 
been  retained j  as  it  appeared  inexpedient  to  alter 
the  plan  of  a  work  of  which  ten  thousand  copies  have 
been  issued,  and  which  has  been  republished  in 
America,  and  translated  into  German  by  an  eoiinent 
Professor  of  the  University  of  Bonn*  ^1 

To  render  these  volumes  available  to  the  purchasers 
of  ^^  The  Medals  of  Creation/-  a  table  of  the  refe- 
rences to  the  '^Wonders  of  Geology"  in  that  work, 
corrected  for  this  edition,  is  annexed ;  for  the  two 
works  are  intended  to  illustrate  each  other;  the 
present  volumes  offering  a  familiar  exposition  of  the 
PhiloEOphy  of  Geolog^y  and  The  Medals  a  compen- 
dious view  of  the  Principks  of  Pakwntolo^tf. 


10,  ChBMBR  S^lUAUB, 


PREFACE 


TO  THE  POKMEK  EDITIOK. 


A  COURSE  of  Lectures  delivered  at  Brighton,  in  an 
unfluccessfiil  attempt  to  establish  in  that  town  a  public 
museum,  illustrative  of  the  Geology,  and  Organic 
Bemains,  of  the  South-East  of  England,  formed  the 
groundwork  of  the  unpretending  volumes  which,  under 
the  tide  of  "  The  Wonders  of  Geology,"  have  met 
with  so  favourable  a  reception. 

When  the  first  edition  appeared,  my  collection, 
consisting  of  upwards  of  20,000  specimens,  from  which 
the  subjects  for  the  illustrations  of  the  Lectures  were 
selected,  was  exhibited  at  Brighton,  by  the  Sussex 
Literary  Institution,  as  the  ManteUian  Mmeum,  with 
the  view  to  its  permanent  establishment  as  the  basis  of 
a  County  Museum. 

That  expectation  was,  however,  defeated;  for 
though  I  would  willingly  have  made  any  pecuniary 


VUl  PREFACE  TO  THE  FORMER  EDITION.  ^H 

sacrificej  to  accomplieh  what  appeared  to  me  so  desirable 
an  objectj  yet  after  the  death  of  my  noble  and  lamented 
friend,  the  late  Earl  of  Egremont,  the  munificent 
patron  of  the  Inatitutionj — and  of  the  Earl  of  Mnnster^ 
who  was  an  ardent  supporter  of  the  measure, — the  plan 
was  abandoned,  in  consequence  of  the  lukewarmneaS) 
and  even  opposition,  of  some  of  those  who  had  engaged 
to  carry  out  the  object-  I  therefore,  in  compliance 
with  the  suggestions  of  my  scientific  friends,  diapoaed 
of  the  entire  collection  to  the  Trustees  of  the  British 
Museum, 

But  although  the  main  object  of  my  labours  was 
thus  frustrated,  and  the  collection,^ which  would  have 
been  of  tenfold  importance  if  located  in  the  district 
whence  it  was  derived,  and  whose  geological  struct ure 
it  waa  designed  to  illustrate,^! s  now  broken  up,  and 
dispersed  through  the  cabinets  of  onr  National  Institu- 
tion, yet  many  of  the  most  interesting  organic  remains 
are  so  unique,  and  so  etrikingly  distinct  from  any 
other  specimens  hitherto  obtained,  that  they  may  be 
referred  to  with  facility,  when  the  gallery  of  Organic 
Remains  in  the  British  Museum  shall  be  finally 
arranged,^ 

I  avail  myself  of  this  opportunity  to  record  the  deep 
sense  of  obligation  I  feel  to  many  excellent  friends,  for 

*  Afl,  for  exjimple,  the  rctnavQs  of  the  '^Vtialdeu  rtiptilea,  the  IguoEio- 
don,  HylfBoeauruft,  CetioBauruii,  Swanago  CrooodlH  ic. ;  the  Fiahe^ 
fr<nu  the  Chalk,  fire. 
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their  strenuous  and  unremitting  exertions  to  prevent 
the  dispersion  of  mj  Museum^  and  to  establish  it  on  a 
permanent  basis  in  my  native  County.  And  although 
their  efforts  have  proved  unavailing^  a  time  will  as- 
suredly come,  when  their  endeavours  to  promote  a 
taste  for  scientific  knowledge  among  the  intelligent 
inhabitants  of  Sussex  will  be  duly  appreciated,  and 
the  failure  of  the  attempt  to  secure  to  the  County  a 
collection  so  rich  in  its  peculiar  fossil  and  mineral 
productions,  be  remembered  with  regret. 

At  the  suggestion  of  the  eminent  publisher  with 
whose  imprint  the  work  now  appears,  the  Introduction 
by  Professor  Silliman,  appended  to  the  American,  is 
prefixed  to  the  present  edition. 

G.  A.  M. 


ADDRESS  TO  THE  READER, 


Geology,  beyond  almost  every  other  science,  offers  fields 
of  resaarch  adapted  to  all  capacities,  and  to  every  condition 
and  circumstance  in  life  in  which  we  may  be  placed*  For 
while  Bome  of  its  phenomena  require  the  highest  intellec- 
tual powers,  and  the  greatest  attainments  in  abstract  scieneCj 
for  their  successful  investigation,  many  of  its  problems  may 
be  solved  by  the  most  ordinary  intoUeet,  and  facts  replete 
with  the  deepest  interest  may  be  gleaned  by  the  most 
casual  observer. 

To  the  medical  philosopher  Geology  presents  peculiar 
attractions  for  those  hours  of  leisure  and  relaxation,  which 
are  indispensable  to  maintain  a  healthy  state  of  mind  j  for 
it  requires  the  cultivation  and  application  of  Chemistryj 
Botany,  Comparative  Anatomy,  Zoology,  and  Physiology^ — 
sciences  which  form  the  very  foundation  of  medical  know- 
ledge. It  exerts,  too,  the  most  salutary  influence,  by  calling 
forth  the  continual  exercise  of  our  intellectual  powers ;  for 
the  desire  to  explain  what  is  obscure  in  the  natural  records 
of  the  past,  induces  a  more  accurate  examination  of  existing 
physical  phenomena,  and  of  the  organization  and  habits  of 


ADDE£SII    TO  THE  EBADEH. 

■the  living  beings  within  the  reach  of  actual  observation 

enforces  the  Deca^sitj  of  weighing  the  conflicting  evidence 

of  apparently  irreconcilable    phenomena,  of  rletectiDg  dif- 

ferencesj  and  seeking  analogies,  and  of  generalizing  an^ 

combining  an  immense  number  of  isolated  facts.    The  mind 

thus  acquirers  the  power  of  acute  observation,  of  patient 

^^pnvcstigation,  and  of  salutary  caution   in   drawing  infe- 

i-enceSj   and  arriving   at  conclusions  —  habits  of  the  fi.r.st 

Importance  in  the  diacrimination  and  treatment  of  diseases, 

■       And  however  little?  in  the  present  state  of  the  public 

™  mind,  such  qualities  may  be  appreciated,  the  labour  will 

bring  an  ample  reward  in  the  self-conviction  that  the  talents 

entrufited  to  hb  have  not  been  given  in  vain. 


"  Better  thu,n  Fame  ia  still  the  toil  for  Pame^ 

The  confitant  training  for  the  ^loriouis  Rtrife  ! " 


I 


I 


For  it  should  ever  be  borne  in  mind  that  the  primary  object 
of  every  study  ought  to  be  an  inward  one— that  of  enlarg- 
ing and  elevating  the  inteOect ;  and  the  direct  aim  of 
science  should  be  the  diacovery  of  the  principles  of  unity, 
order  J  and  connexion,  which  are  everywhere  manifest  in 
the  universal  hfe  of  nature. 

In  proof  that  intellectual  pursuits  of  the  highest  order 
are  not  incompatible  with  any  situation  in  life,  I  woulil 
earnestly  solicit  attention  to  the  following  eloquent  appeal 
by  one  of  the  most  enlightened  statesmen  of  our  times  ; — 

*'  Heed  not  the  sneers  and  foolish  sarcasms  against  learn- 
jngj  of  those  who  are  unwilling  that  you  should  rise  above 
the  level  of  their  own  contented  ignorance.     Do  not  for  a 

I  moment  imagine  that  yeu  have  not  time  for  acquiring 
knowledge;  it  is  only  the  idle  man  who  wants  time  for 
every  thing.  The  industrious  man  knows  the  inestimable 
value  of  the  economy  of  time,  and  amidst  the  most  multi- 


xu 
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farious  occapations,  can  find  leisure  for  rational  re^sreatioii, 
and  mental  improvement.  Do  not  believe  that  the  acqui- 
sition of  scientific  knowledge  will  obalruct  your  worldly 
prosperityj  or  that  it  is  incompatible  with  your  worldly 
pursuits,  Eely  upon  it,  you  can  Dot  sharpen  your  intellec- 
tual faculties,  you  cannot  widen  the  range  of  your  know- 
ledge, without  beconping  more  skilful  and  successful  in  the 
business  or  profession  in  which  you  are  engaged,"* 

I  may  add,  that  by  that  happy  connexioiij  whereby  the 
useful  is  indjssolubly  linked  with  the  true,  the  exalted,  and 
the  beautiful  J  science  thus  followed  for  its  own  sake,  wifl 
pour  forth  abundant  overflowing  streaits  to  enrich  and 
fertilize  that  industrial  prosperity,  which  is  the  conquest  of 

^the  inteliigence  of  Man  over  matter,f 
*  Inaugural  Addreae  at  the  opening'  of  the  Tftmwozth  Inatltutian, 
1811,  by  the  Right  Hon,  Sir  Eobert  reel,  Bart. 
f  See  Introduction  to  Cosmos,  or  a  Sketch  of  a  Phyiical  Description 
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THE 

WONDERS    OF    GEOLOGY. 


INTRODUCTION  TO  THE  AMERICAN  EDITION, 

BY 
PROFESSOR  SILUMAN. 


1.  Object  op  the  Science. — Geology  is  the  natural  history  of 
the  earth ;  its  hills  and  mountains,  its  rivers,  lakes,  seas,  and  oceans, 
its  fertile  plains  and  sterile  deserts — ^in  a  word,  all  that  belongs  to 
physical  geography,  is  comprised  in  this  science.  Incidentally,  it 
takes  notice  of  agriculture  and  commerce,  of  the  various  improve- 
ments of  civilization,  and  of  the  races  and  families  of  animated 
beings  of  both  organic  kingdoms,  since  they  are  all  influenced, 
more  or  less,  by  geological  phenomena.  Every  thing  upon  the 
globe  is,  therefore,  connected  with  geology,  which  embraces  like- 
wise the  principal  physical  facts  and  events  of  which  our  planet  has 
bee«  the  theatre. 

^  more  immediate  object  of  this  science  is  to  ascertain 
the  b«;ia(ture  of  the  earth,  and  the  nature  of  the  masses  of  which 
its  crust  is  composed — the  order  of  their  arrangement — their 
mineral  and  organic  contents — ^the  proximate  causes  by  which  they 
were  formed  and  deposited,  and  those  by  which  they  are  rendered 
liable  to  future  changes. 

2.  Preliminart  knowledge. — ^These  considerations  necessarily 
involve  a  knowledge  of  physical  laws.  We  must  be  acquainted 
with  the  chemical  constitution  of  matter,  with  the  combinations  its 
elements  are  cs^ble  of  forming,  with  the  liabilities  of  the  com- 
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pounds  to  enter  into  new  arrangements,  and  with  the  laws  which 
govern  these  changes.  The  mechanical  laws  most  also  be  kept  in 
view;  the  weight,  pressure,  and  moving  power  of  solids  and  fluids, 
the  varieties  and  force  of  attraction ;  in  a  word,  the  dynamics  of 
our  globe.  Nor  can  the  subject  be  considered  entirely  apart 
from  the  planetary  relations  of  the  earth,  as  a  member  of  the 
solar  system,  and  of  the  innumerable  systems  which  compose  the 
stelluls^  universe. 

Those  subtle  agents  unknown  in  their  essence,  but  most  manifest 
and  potent  in  their  efTects — ^namely,  heat,  light,  electricity,  and 
magnetism,  either  distinct,  or  combined  in  various  modifications, 
demand  also  a  faithful  study,  that  we  may  comprehend  their  mani- 
fold ai^d  unceasing  effects  in  the  economy  of  the  earth;  nor  must 
the  enveloping  ocean  of  aerial  fluid,  the  atmosphere,  in  which  their 
ctoergy  is  so  largely  displayed,  be  forgotten;  both  in  its  physical 
and  chemical  characters,  it  demands  earnest  attention.  We  must 
also  know  the  outlines  of  natural  histoiy,  especially  of  the  mineral 
species,  or,  at  least,  of  those  which  are,  or  have  been,  chiefly  con- 
cerned in  producing,  by  their  extension  or  aggregation,  the  moun- 
tains and  continents,  and  the  entire  crust  of  our  planet,  so  far  as  it 
is  cognizable  by  man.  Some  competent  knowledge  of  mineralogy 
ought,  therefore,  to  precede  the  study  of  geology ;  it  is  true,  we 
may  begin  with  a  comparatively  small  number  of  the  most  impor- 
tant minerals,  as  our  increasing  acquaintance  with  rocks  will  con- 
stantly augment  our  familiarity  with  the  minerals  which  compose 
them. 

In  like  manner,  as  mineralogy  is  indispensable  to  the  study  of 
geology,  so  the  other  departments  of  natural  history  are  auxiliary 
to  it  in  a  most  important  degree.  Animals  and  plants,  either  entire 
or  dismembered,  or  in  fragments,  are  contained  in  almost  all  kinds 
of  rocks,  except  the  primary  and  the  volcanic ;  nor  can  we  assign 
the  limit  of  organic  matter  even  in  these,  for  we  know  not  how  far 
fire,  by  softening  or  fusion,  may  have  obliterated  the  organic  remains 
that  might  once  have  been  blended  with  materials  now  exhibiting 
no  vestiges  of  plants  or  animals.  Although  we  may  not  be  able  to 
mark  the  precise  boundary  beyond  which  organic  beings  do  not 
appear,  it  is  certain  that  in  all  geological  epochs,  subsequent, 
at  least,  to  that  of  the  primary  rocks,  animals  and  plants  have 
existed  in  successive  families ;  they  have  been  created,  have  lived 
their  destined  periods,  and  by  the  operation  of  physical  causes  have 
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JJerialied,  while  new  races  hare  been  ealled  into  hehigt  and  in  their 
iam  have  ceased  to  be,  in  order  to  give  room  to  other  families, 
i^qmnDg,  perhnps,  new  physiceJ  conditions. 

Thus  we  travel  onwaxd  in  tiiQC^  and  npi^'ard  in  the  order  of 
deposition,  through  races  whose  speeies  Eire  entirely  e3ttinctj  until 
^We  atriTC  at  the  periods  that  appruxiinate  to  our  own  timea,  when 
firstj  similar  beijigs  to  those  that  now  inhabit  the  earth  begin  to 
appear,  and  finally  to  graduate  into  those  of  the  present  day.  Now 
it  is  obvions,  that  to  judge  intelligently  of  extinct  races  of  animals 
and  vegetables,  it  is  requisite  to  pass  in  review  the  entire  organic 
creation,  both  of  ancient  and  modem  date ;  not  only  of  the  ter- 
reatriid  animals  tiiat,  in  early  times,  walked  the  earthy  of  the  llfc^lies 
and  amphibia  that  swam  ia  the  waters,  of  the  birds,  in&ects,  and 
winged  rq>tile3  that  aoaied  in  the  air,  and  of  the  plants  that  adoraed 

kthe  new-bom  islands  and  emerging  coutinents,  and  wliieh,  as  well  m 
tbe  ajmoals,  are  now  entoTiibed  in  rocks  and  mountains;  but,  we 
must  be  familiar,  also,  with  the  races  whieh^  at  this  moment,  iili  the 
world  with  animation  and  beauty,  for  they  are  our  living  standards 
of  comparison.  In  short,  we  must  be  well  aequaintud  with  both 
natoial  histoiy  and  comparative  anatomy. 

If  such  be  the  circle  of  sciences  preliminary  or  aujdliaty  to 
geology,  it  may  well  draw  from  ns  the  desponding  exclamation. 
Who  then  is  sufficient  for  these  tilings  ?  We  may  perhaps  reply,  no 
unassisted  individuBl  I  Science  is  formed  by  the  joint  labotirs  of 
many  minds.  Different  cultivators  bring  in  the  rich  tribute  of 
tbe  fields  they  have  tilled  and  reaped,  aiid  a  master  mmd  disposes 
them  in  order,  and  draws  from  them  the  requisite  conolusious  to 
construct  a  system,  or,  at  least,  to  furnish  its  most  important 
ekmcBts. 

13.  Kank  AM01I&  Ttr^  Sciences. — This  very  general  sketch  of 
the  relations  which  geology  sustains  to  the  collateral  S43icnecs,  la 
ftuifficient  to  evince  its  high  diornity,  and  to  vindicate  its  strong 
claims  to  our  serious  att^jution-  As  a  science,  its  date  is  modem ; 
but  this  13  also  true  of  all  the  physical  sciences,  among  which 
geology  is  a  younger  sbter.  Although  it  is  rapidly  advancing,  and 
is>  therefore,  not  perfect,  but  progressive,  it  is  still  a  science ;  and 
in  this  sense,  which  of  tbe  i^hysical  sciences  is  perfect?*    In  this 
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respect  geology  is,  therefore,  not  alone.  Its  ascertained  facts  are 
munerons;  they  are  correctly  observed  and  reported;  they  are 
skilfally  classed,  and  a  sufficient  number  of  general  as  well  as  par- 
ticular conclusions  has  been  drawn  from  them  to  furnish  the  basis 
of  a  noble  science.  Its  boundaries  are  daily  extending,,  and  will 
be  extended  without  limit,  by  continued  observations — ^its  evidence 
will  constantly  accumulate,  and  although  its  theoretical  speculations 
may  change,  nothing  can  occur  to  subvert  the  grand  conclusion, 
that  the  earth  has  a  regular  structure,  and  that  its  materials  have 
been  arranged  under  the  operation  of  general  laws  of  great  energy 
and  duration,  the  physicd  expression  of  omniscient  intelligence 
and  omnipotent  sway,  guided  by  benevolent  design,  which  becomes 
more  and  more  apparent  and  convincing  with  eveiy  new  and  suc- 
cessfid  research  in  geology. 

4.  SoTJBCES  OP  ITS  EVIDENCE. — If  the  inquirer  ask  for  the 
source  of  geological  evidence,  it  may  be  answered  that  it  is 
derived  from  diligent  and  careful  examination  of  the  structure  of 
the  earth ;  and  for  this  object  our  means  are  more  ample  than 
might  at  first  appear. 

Every  artificial  excavation — every  well  and  cellar — every  cut  for 
a  fort,  for  a  common  road,  a  railway,  or  a  canal — every  stone  quarry 
— every  tunnel  through  a  mountain — and  every  pit  and  gallery  of  a 
mine  bored  into  the  solid  earth,  furnish  means  of  perusing  its 
interior  structure.  Still  more  do  the  inland  precipices,  and  the 
rocky  promontories  and  headlands  along  the  rivers,  lakes,  seas,  and 
oceans ;  the  liaked  mountain-sides  ribbed  with  strata,  that  bound 
the  defiles,  gorges,  and  valleys ;  the  ruins  accumulated  at  the  feet 
of  lo%  pinnacles  and  barriers,  and  those  that  have  been  transported 
and  scattered,  far  and  wide,  over  the  earth,  present  us  with  striking 
features  of  the  internal  structure  of  our  planet. 

Most  of  all,  do  the  inclined  strata  push  up  their  hard  edges,  in 
varied  succession,  and  thus  faithfully  disclose  the  form  and  sub- 
stance of  the  deep  interior,  as  it  exists,  many  miles  beneath  the 
observer's  feet. 

Volcanic  eruptions  throw  up  into  daylight  the  foundations  of  the 
fathomless  deep  below,  in  the  form  of  ejected  or  molten  masses,  or 
in  rivers  of  ignited  and  fluid  rocks,  which  congeal  on  the  surface 
of  the  ground,  either  inflated  like  the  scorise  of  furnaces,  or  in  solid 
masses,  with  no  visible  impress  of  heat ;  and  often  containing  very 
perfect  and  beautiful  minqrals,  elaborsU«d  in  the  volcano,  or  dis- 
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dged  from  still  earlier  beds.  In  addition  to  the  products  of  actual 
r^caiiocs — the  iguigenons  rocb,  crystallized  or  deqjosited  from 
fusion,  both  in  the  earliest  and  in  many  of  the  more  inodern  epocha 
^-inject^i  iuiiOHg,  and  traversing  strata  of  all  descriptions  and  agea, 
and  thus  assimilated  to  known  produets  of  internal  firo,  the  proper 
rocky  mass^^  the  granites,  sienites,  porpbyries,  cjerpcntincs,  and 
traps,  give  anthentic  information  of  the  unapproachable  gulf  of  fire 
whence  they  were  projected. 
The  internal  waters  tliat  gmh  cool  from  the  fountains  on  the  land 

F"  under  the  sca^  or  those  tliat  8{>out  in  boiling  geyaera  from  the  deep 
a?ems  where  their  imprisoned  vapours  riecumulate  explosive  force ; 
these  bring  to  the  surf  nee  the  materials  of  the  interior,  and 
conspire  with  tornadoes  of  gas,  bursting  from  volcanoes  and  other 
vents,  to  reveal  the  deep  secrets  of  the  earth. 

5.  Its  positive  utiitv. — Geology,  in  addition  to  its  inherent 
Bgnitjj  puts  forth  strong  claims  to  regard  on  the  ground  of  positive 
Uty*    Every  thing  reposes  upon  the  minend  kingdom ;  it  affords 
,  directly  or  indirectly^  all  the  materials  of  his  physical  com- 
fort— aU  those  of  national  wealthy  and  all  the  means  of  elvilLiation. 
The  most  important  of  physical  instruments  arc  derived,  imme- 
di^ely  or  remotely,  from  it,  for  the  vegetable  world,  equally  with 
the  anlmai,  rests  npon  this  basis ;  whether  we  speak  of  the  cedar, 
the  oak,  the  lichens,  or  the  passes,  all  equally  derive  their  support 
from  the  elements  afforded  by  the  mineral  kmgdom ;  which,  in  its 
widest  sense,  indndes  not  only  the  solid  earth,  but  its  waters,  and 
all  its  fluids — ^its  atmosphere  and  all  its  gases.    ,Thc  vegetable 
kingdom  borrows  not  a  few  elements   from  the  mineral  world; 
oxy  gen^  earbon,  hydrogen,  and  even  nitrogen,  and  all  that  are  iudis- 
jyensable  to  vegetable  life^  are  found  Jn  the  waters,  or  in  the  atmo- 
^^pbere ;  while  other  elements  or  componnds,  adapted  to  particular 
^Kiirpose^,  are  derived  from  various  mineral  sources ;   the  soil,  for 
^^xample,  alfords  slbca,  which  enters  into  the  eomi^osition  of  the 
cpidcnnis  of  grasses,  bamboos,  cquiseta,  &c. ;  and  potass  and  soda, 
erivcd  Irom  decomposed  felspar  and  other  minerals,  pass  by  absorp- 
on  into  the  juices  of  plants*    Even  auiraal  and  vegetable  manures 
Drm  no  exception,  for  their  elements  have  a  similar  origin,  ajid 
onsist  almost  entirely  of  the  substances  indispensable  to  vegetah)e 
growth. 

Thus,  while  we  explore  this  orb  of  gases,  fluids,  and  solid  rocks, 
we  shall  gain  the  most  interesting  knowledge,  and  much  positive 
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advantage.  Our  beautifnl  planet  15  indeed  wortliy  of  oi^t  studj ; 
it  was  once  our  cradle — ii  will  soon  be  our  grave, — between  the 
dawn  and  the  night  oC  life,  it  is  the  scene  of  onr  bnsy  action^  and 
fn>m  it  we  shall  riiie  to  another  state  of  heing. 

6.  DiscovERr  or  useful  MrNEiuiii. — Geology  discloses  to  m 
the  valnable  minerals,  and  teaches  us  where  they  are  likely  to  be 
foimd,  and  where  regeareh  would  be  vain. 

Coal. — Coal  is,  without  doubt,  wliolly  of  vegetable  origin :  hun- 
dreds of  species  of  plants  have  been  distinguishdl  in  the  coal  forma- 
tion, hut  none  of  these  have  been  found  living  on  the  earth,  although 
many  of  the  families  still  emt ;  the  recent  allied  species  are  generally 
of  a  diminutive  fiiae,  in  comparison  with  those  of  the  eoal  period, 
and  those  that  approach  the  ancient  in  magnitude,  are  ehieflj  found 
in  tropical  eUmates. 

Buly  informed  in  geology,  we  should  never  loot  for  coal  in 
granite,*  nor  among  the  most  aneient  rocks ;  and  in  the  wide  inter* 
vening  series^  a  large  part  of  the  formations  are  excluded  fron:i  the 
association  with  this  most  important  mineral.  Slates,  shales,  and 
limestones,  charged  with  bitumen,  af  ord  indications  of  some  valne, 
but  not  decisive^  as  bitumen  is  associated  with  many  minerals  that  do 
not  belong  to  coal  formations.  The  impressions  of  plants  in  the 
rocks^  especially  those  charged  with  bitumen,  strengthen  the  prc- 
sninption,  and  should  we  find  fragments  of  coal  scattered  in  the  soil, 
or  mingled  with  gravel  and  sand  in  the  banks  and  water  courses,  or 
observe  dark  masses  of  eartb^  which,  on  close  inspection,  appear  to 
contain  fine  coaly  matt^^r,  we  may  infer  that  beds  of  this  combus- 
tible may  be  near,  and  that  it  may  he  proper  to  dig  or  bore  i  and 
when,  at  last,  we  find  the  beds  of  eoal,  they  will  be  regularly 
arranged  between  a  roof  and  floor  of  coal -slate  or  shale.  Bat  it  by 
no  means  follows,  that  beds  of  shale  and  slate  necessarily  indicate 
coal ;  those  of  the  primary  series  would  scarcely  contain  any  com- 
bustible, unless  it  were  plumbago,  or  possibly  a  little  anthracite. 
The  geological  kws  of  coals  arc  very  strict,  and  a  tborongh 
acquaintance  with  them  is  the  only  safeguard  against  fruitless 
enterprises. 

Ligniie. — It  is  easy  to  mistake  beds  of  lignite  for  coal  t  lignite, 
when  found  in  sufficient  abundance^  is  a  vduable  combustible,  but  it 
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is  not  perfect  cod ;  it  hwms  with  a  sLarp  and  acrid  odour  lilce  tbe 
smoke  of  a  wood  fixe*  and  is  in  fact  wood  only  partiidJy  altered  by 
inhnmatioii.  It  is  most  ahandant  in  the  more  recent  geological 
formations,  especially  in  tertiary  sands,  ^avel,  and  elajs,  in  wldeh 
tme  coal  has  rarelj  been  found.  The  trees  that  are  buried  in  the 
recent  alluvial  and  diluvial  deposits  are  little  altered^  and  arc,  for  the 
greater  part,  referable  to  existing  florae;  sometimes  tliej  are 
flattened  bj  pressurej  and  altered  in  their  texture,  and  even  partiallj 
caibonLsed. 

Limf^to^  end  Marhk. — Limesionc,  including  chalk  and  marble, 

is  fi  most  useful  substimce*     Thu  ancient  Grecian  temples  give 

deeiaive  proof  of  the  durability  of  marble ;  and  its  heautjj  CFcn  after 

the  lapse  of  two  or  three  tJiousaJid  year  a,  and  after  innumerable 

aggressions  hy  the  '^loience  of  war,  and  the  depredations  of  anti- 

qnaneiS,  more  destructive  than  the  action  of  the  elements,  is  in 

many  instances  not  entirely  destroyed.     Limestone  is  the  nmst 

important  ingredicot  in  mortar,  and  of  great  value  in  soils.    But  it 

is  not  necessary  to  enlarge  on  a  subject  so  generally  understood.    It 

i  suflscient  to  remark,  that  in  the  selection  of  limestone  for  archi* 

ectoTJl  purposes,  or  as  a  fertilizing  ingredient  for  soils,  gcolo^cal 

1  will  often  prove  of  great  value ;  and  in  eases  of  higli  responsi- 

iKty,  such  as  those  of  pnbUc  edifices,  ixitended  to  endure  to  distant 

'  ageSj  the  united  services  of  the  geologist,  the  b tone-mason,  and  even 
the  qnarry-man,  may  weU  be  put  in  requisition,  for  pnictical  artists 
often  acquire  the  skiU  to  judge  very  correctly  of  the  value  of 

■materials-     The  experience   of  all    antiquity  proves  this   to  be 
rue, 

Farims  Eoth.—Th^  same  view  may  be  taken  of  granite  and 

sienitc,  aud  the  slaty  rocks  of  that  familyj  of  porphyries^  traps,  and 

^^odpstones,  of  sandstones  and  puddingstones,   or  breccias.     All 

^Hliese  are  employed  either  in  constmcting  the  external  waUg,  or 

^Bl  forming  the  interior  decorations  of  buildings,  as  well  as  in  forts, 

Htkeks,  bridges^  qnays,  aqueducts,  and  roads;  and  it  is  of  the  utmost 

importanee  that  time  and  expense  should  not  be  bestowed  npou 

materifds  that  are  faulty^  or  worthless  j  for  some  kinds  of  sandstones, 

limestones,  and  even  granites,  erumble  away,  upon  exposure  to  the  air 

uad  the  weather,  and  thus  produce  deformity  and  dilapitlution,  where 

everything  should  be  soUd  and  enduring.    In  general,  this  error  may 

be  avoided  by  a  careful  observation  of  the  effects  of  time  and  the 

weather  upon  such  masses  of  rocks  as  chance  to  he  prominent  above 
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the  gnQutid,  and  have  there  fore  been  (perhaps  for  age«)  aubjeeted  to 
those  atmospherical  a^enciesj  wLieh  tiie  fiiasbed  edifice  must,  in  its 
turn,  encounter^ 

Metak^—Tha  researches  for  metals  have  ever  mtefested  mankind 
in  Bk  high  degree,  and  on  no  snbject  are  they  more  liable  to  eiror  and 
imposition.  Happily,  the  mo&t  inqTOrtant  metal,  iron,  is  the  moat 
abundant.  Bnt  iron  oitts  are  not  alwajs  known  bj  the  uuinstmcted; 
some  of  the  uiost  valuable  tire  not  attracted  by  the  magnet,  until 
tbey  have  been  heated  in  contact  witli  carbon  or  hydrogen.  Other 
ores  are  so  completely  disguised,  that  they  are  not  recognised  at  all 
by  those  acquainted  with  the  purified  juetals  done.  This  nrisea 
from  their  eombinaliou  with  various  substances,  chiefly  o:cygen, 
sulphur,  aeids,  or  arsenic,  which,  on  account  of  the  great  clmnge 
Ibcy  produce  iu  the  propcrticji  of  metals,  are  called  mluerali^ra. 
Iron  pyrites,  au  abundant  mineral  of  little  value,  is  frequently 
mistaken  for  gold,  because  it  is  usually  yellow;  and  this,  notwith- 
standing it  is  liard  and  brittle,  while  gold  is  soft  and  aialleable,  so 
that  a  mere  blow  of  a  hammer  would  detect  the  difference.  Yellow 
mica  has  been  gathered  for  gold  du&t ;  and  silvery  mica,  and  white 
arsenical  iron,  have  been  mistaken  for  silver. 

C^lamim^  the  native  oxide  of  zinc,  has  no  resemblance  to  anjmetal 
whatever;  and  Im-iftoney  the  native  oxide  of  tin,  has  none  to  that 
met^l ;  and  both  would  be  rcj  ected  by  an  ignorant  obsc  rver.  The  saane 
may  be  said  of  the  sulphuret  of  silver,  the  gray  sulphuret  of  copper, 
the  cliromate,  molybdate,  carkmate,  phosphate,  and  sidpbates  of 
lead,  and  many  more.  Pew  persona,  indeed,  trust  themselves  to 
carry  on  gre^it  wtirks  in  mining,  without  previoitsly  consulting  pro- 
fessional men ;  some  are,  however,  so  perverse,  or  blinded,  as  to 
persist  even  against  the  bast  counsels,  and  they,  of  course,  paj 
the  penalty  of  their  foUy  in  disappointment,  and  oftentiHies  m 
utter  ruin. 

Geological  ansodations  of  metals.— -Tt  is  well  knoMii  to  geologists, 
that  mctalhc  veins  are  rarely  found  in  the  most  recent  formations  ^ 
and,  with  the  exception  of  iron,  and  of  alluvial  deposits  of  other 
metals,  they  seldom  occur  in  great  abundance,  until,  in  the  descend- 
ing series,  we  approach  or  pass  the  geological  epoch  of  coal.  In  the 
transition  rocks,  certain  metals  abound,  while  others  occur  ha  the 
primary',  and  there  is  no  rock  so  old  that  it  may  not  contain  some 
of  the  metals^  Sound  scientific  \4ews  of  the  geological  structuro  of 
a  country,  will  therefore  serve  as  an  important  guide  in  the  research 
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for  metals,  snd  in  fonniDg  u  condusLou  as  to  tlie  probable  oontinu* 

e,  enlargement,  or  cessation,  of  nittallic  veins. 
^msioft.v  of  Science.  —  The  negative  wMcli  science  often  pro- 
es  with  entire  confidence,  may  save  many  an  excited  miiid 
from  delusion^  and  preserve  for  B^ricultiire,  and  the  useful  arts  of 
life,  the  resources  which  might  liave  been  lavished,  in  reckless  pro- 
fmion^  upon  vain  and  nnproductivc  mining  operations.  It  is  rarely 
that  metallic  mines  will  justify  the  abandomnent  of  a  naeful  culling 
in  the  commoii  walks  of  life ;  even  where  there  in  abimdilnce  of 
Taloable  ore,  few  individuals  can,  ^one,  afford  to  eiieoimter  tbe 
enormous  expense  of  mining,  and  to  wait  its  uncertain,  and,  it  mny 
be,  distant  and  stinted  returns*  A  good  (piarry  of  stmpstone, 
granite,  gypsum,  or  sandstone,  may  Le  worth  more  than  a  mine  of 
gedd,  and  snch  have  actually  been  the  opposite  results  in  some 
Eignal  cases  in  this  country.  To  these  few  instances  of  the  import- 
ance of  geological  knowledge  to  tbe  common  interests  of  life,  many 
more  might  be  ^de^  but  these  are  sufficient  to  illustrate  onr  argu- 
ment ;  if,  indeed,  it  be  necessary  to  prove,  that  he  who  acta  with 
consummate  knowledge  proceeds  with  safety,  walking  in  tbe  full 
and  certaiu  light  of  science,  while  he  who  adventures  in  the  dark 
Las  no  right  to  expect  anything  but  disaster  ajid  ruin, 

Geologicul  Surcegs  %  FuMic  JM&riff^—-Thu.t  there  is  a  just 
appreciation  of  thig  subject  among  the  |)€oplc  of  this  country,  is 
suHciently  evinced  by  the  geologiciiJ  surveys  of  many  states  and 
territories,  eitber  already  acoomphshed  or  in  progress.  More  than  one- 
half  of  the  States  have,  by  public  authority,  instituted  such  surveys ; 
tbe  reports  which  have  been  published  evince  industry,  knowledge, 
and  skill  i  great  progress  has  b<^en  made  in  developing  the  mineral 
resources  of  the  country,  and  in  amassing  stores  of  materials  to 
serve  for  a  future  digested  and  ayatematical  account,  both  scientiiic 
and  practical,  of  ^orth  American  geology ;  while,  at  the  same  time, 
exoeUent  schools  are  thus  estabhshed,  in  wliieh  to  form  young  geo- 
logists by  actual  and  responsible  explorations  ajid  surveys*  These 
good  works  wiU,  we  trust,  proceed,  until  our  whole  territoTy  has 
been  geologically  examined,  when  some  gifted  Jiidividuid  will  give 
ui  tbe  grand  result.  In  a  scientific  relation,  these  reseiu-ches  are 
deeply  interesting,  and  we  are  in  this  way,  as  well  as  by  personal 
efforts,  contributing  our  share  of  materials  towards  the  general 
stock  of  geological  knowledge. 

7,  Some  fmATUBEs  is  Noeth  Amziucan  Geoldgv,— Perhaps 
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no  country  is  more  faTOured  than  our  own,  in  the  nature,  abut- 
dance,  Tarietjj  and  distribution,  of  the  most  importimt  miiieTal 
treasvues.  The  limits  of  these  preliminary  remarks  can  only  present 
the  most  general  summary  of  our  geolog;ical  formations,  or  at  most^ 
admit  of  nothing  irrore  than  a  mere  sketch  ;  but  the  mateiials  for 
information  are  already  ahundant,  and  are  yearly  increasing,  as  may 
be  seen  in  the  various  public  reports,  in  the  transactions  of  oui 
learned  societies,  and  in  our  journals  of  science. 

Of  the  primary  and  transition  rocks,  to  which  we  may  add  the 
ooal  formation  and  the  silurian,  we  have  immense  ranges,  ex- 
tending in  a  north-easterly  and  south-westerly  direction  througli 
the  CO  a  tine  nt,  and  comprising  most  of  the  minerals^  and  many 
of  the  fossils,  that  arc  found  associated  with  such  groups  in  the 
old  worlds 

The  AJkgKanics,  (including  many  mountains  having  local  names,) 
foUowing  the  general  bearing  of  N.E.  and  S,W.,  and  ranging 
between  the  Mississippi  iind  the  Atlatitic,  form,  with  their  branches 
and  connected  chains,  the  great  rail) -shed  of  the  coimtrics  e^ist  and 
west;  and  rising  to  two,  three,  four,  and  five  thousand  feet  and 
more,*  give  direction  to  the  streams  and  rivers,  that  flow  either 
into  the  Mississippi,  the  Atlantic,  or  the  great  lakes,  and  the  St. 
Lawrence. 

R(ychy  Mmnfaim. — In  like  manner,  the  far  more  stupendoaa 
chains  of  the  Eocky  Mouatains,  whose  loftiest  peaks  ai^  reported 
to  be  between  three  aad  five  miles  high,f  give  a  geologic^  cha- 
racter to  the  regiomi  east  and  west,  in  whicb  directions  the  waters 
flow  to  the  Mississippi  and  the  Pacific,  wliile  other  contributions 
descend  to  the  Gulf  of  Mexico,  and  to  the  Northern  Ocean.  It  is 
to  he  regretted,  that  in  the  United  States  proper,  there  are  no 
mountain  ridges,  or  solitary  peaks,  thafc  pierce  the  regions  of  per- 
petual cold. 

Mmnt  Wmhiiif^hn. — Mount  Washington,  of  the  Wliitc  Mountjun 
group  in  New  Hampshire,  which  approaches  a  mile  and  a  quarter 
in  height,  and  heiog  in  14**  of  north  latitude,  on  a  continent  whose 
average  temperature  is  many  degrees  below  that  of  Europe,  throws 
off  its  snowy  mantle  only  for  a  short  season,  in  July  and  August, 

•  Profe^Bor  MitcMllt  UtilveiTBlty  of  C}iap«l  Hjll,  atiilefl  that  tbe  top  of  Bluk 
Mountain,  m  Noith  CaroUna,  1b  647*  feet  above  Uie  IcTel  of  ihe  ocean.  Bee  Asu 
Journal » voL  mv.  No.  2. 

t  a^e  PiofeBsor  Ileawkk't  OutUnes  of  Geok^. 
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"VFltile  it  is  clad  in  white  during  tlie  remaming  months  of  the  year* 
Even  on  the  first  day  of  September,  (IS 3 7,)  as  adventurers  upon 
this  Alpine  mountainj*  we  were,  both  on  its  flanks  and  summit^ 
involved  in.  a  wintiy  tempei^t  of  eongeal^d  vttponr,  formed  into 
splendid  groaps  of  feathery  and  branchijig  erystidsj  nnlike  to  the 
snows  of  the  lower  regions :  the  driving  masses  came  in  fitful  gustSj 
Telling  in.  a  wliite  cloud  aU  objects  far  and  near  j  but  breaking,  occa- 
sionally^  to  admit  a  flood  of  solar  ligbt>  and  render  visible  this 
boarj  pinnacles  and  the  deep  gorges  and  valleys  of  the  neighbouring 
groups  of  monntains. 

The  mountains  of  Essex  County,  State  of  New  York,  between 
Lake  Cham  plain  and  the  St.  Lawrence,  approach  the  White  Moun- 
Imas  in  altitude,  but  none  are  permanently  snow-clad, 

M&uHiaixs  of  Central  Europe* — It  is  other^dse  in  Europe,  where 
the  grand  central  group  of  Mont  Blanc,  and  the  various  Alpine 
Mountains,  rise  far  into  the  region  of  perpetual  congelation  j  and 
Mont  Blanc  would  pierce  that  region  even  at  the  cq^uator.  Thus 
is  provided  an  eternal  storehouse  of  ice  and  snow,  over  whoso 
wintry  surface  the  winds ^  rendered  heavier  by  contact,  glide  into 
the  valleys  and  plains  of  the  countries  at  their  feet,  and  thus  temper 
even  the  warm  climate  of  Italy,  ]jreventing  the  esctreme  vicissitudes 
whiebwe  experience. 

But  these  immense  natural  miigazines  have  astOl  more  important 
relation  to  the  irrigation  of  the  vicinal  countries.  The  melting  of 
the  snow  and  ice,  by  the  heat  of  summer,  supplies  copious  streaina 
to  feed  the  innumeTahle  rivers  that  flow  from  these  grand  fountainSj 
to  almost  every  part  of  eontinental  Europe,  south  of  the  Baltic, 
Thtis  the  effects  of  drought  arc,  in  a  great  measure,  prevented, 
while  destructive  mountain-floods  are  of  rare  oecurrenee. 

From  the  absence  of  such  moimtains  we  have  no  jM^rmanent 
stores  of  ioe  and  snow,  and,  consequeutly,  our  rivers  arc  liable  to 
extreme  rariatious  of  attitude  and  force.  The  Ohio^  in  midsiunmer, 
sconetimes  leaves  nunierous  fleets  agronnd^  while  occasional  risings, 
&om  deluging-  rains,  swcU  the  river  to  an  immense  flood,  that  spurns 
the  barrier  of  the  banks,  inundates  villages  and  cities,  and  cxpajid- 
mg  into  am  internal  sea,  rushes  with  wasting  violence  over  the 
wide-$pread  meadows  and  farms.  For  this  reason,  hydraulic  engi- 
neering is  in  this  country  attended  with  peculiar  difficulties,  both 

•  See  Am.  Jfrar.  SdencCf  vol*  xxxfr.  p*  74» 


12 


THE  WONDERS  OF  GEOLOGr. 


on  account  of  a  deficiencj^  imd  an  exeesa  of  water ;  the  formt 
rendering  the  works  inoperative^  and  the  ktter  iavading  or  sweep- 
ing them  away, 

Tbe  future  civilized  inhabitants  of  the  countries  near  the  Reekjr 

Mountains  (excepting,  of  course,  the  immense  sandj  deserts^  which, 

near  the  eastern  hlopc,  emulate  the  sterility  of  Arabia  and  ZaharaJ 

will  enjoy  advaatages  in  manj  respects  similar  to  those  of  Piedmont, 

Switzerland  J  Germany,  and  France ;  and  it  is  easy  to  predict,  that 

peculiar  structurcSj  and  a  peculiar  state  of  society,  will  be  modelled 

upon  the  sublime  physical  features  of  those  truly  Alpine  regioM* 

Prom  this,  his  native  land,  we  have  too  much  reason  to  expect^  that, 

Ldespiteof  the  efforts  of  the  benevolent  to  avert  the  impending  dooUj 

ithe  red  man  of  the  forest,  not  reclaimed  to  humanity,  but  aban- 

lidoned  to  hia  fate^  wiH  vanish  before  the  knowledge  and  power,  and 

•  the  still  more  prevailing  seductions,  of  eiYiUzed  life, — the  citenai- 

nated  victim  of  cupidity  and  cruelty, 

I^fiu£H€B  of  Geological  Stmcture  on  Society, — It  is  perfectly  appOr 
rent  to  geologists,  that  the  scenery  of  a  country  is  not  more  exactly 
Btampcd  by  its  geologicaJ  formations  than  are  the  manners  and 
employments  of  its  inhabitants. 

New  England. — Tims  the  bleak  hills  and  long  winters  of  New  En^ 
land  being  unfavourable  to  the  most  extensive  and  profitable  agrieol- 
tnral  pnrsuits,  while  the  extensive  and  deeply  indented  sea-ooasta 
aboundbg  in  harbours,  headlands,  rivers,  and  inlets,  naturally  ptodttoo 
an  impulse  towards  the  ocean,  conspire  with  the  original  adventnions 
character  of  the  population,  to  send  them  roving  from  t!ie  arctic  la 
the  antarctic  circle,  till  the  wide  world  is  laid  under  contrihutioa 
by  their  enterprise.  The  numerous  streams  and  waterfalls  furnish 
the  cheapest  means  for  moving  machinery,  and  thus  manufactories 
spring  up,  where ver,  in  the  expressive  phraseology  of  the  inhabi- 
tants,  there  is  water-po^er,  and  sjte&m  supplies  local  defieiencica  of 
moving  force.  Ingenuity,  conspiriug  \*ith  a  general  system  of 
education,  la  exeitedj  under  such  cidturc,  to  produce  numerous 
inventions;  and  boats  of  young  men  seek  their  fortunes  successfully 
abroad,  as  m*echanics,  seamen^  traders,  iostructors  and  {voliticiauii, 
and  thus  operate  powerfully^  and,  we  trust,  beneficially,  on  other 
communities. 

Smthem  Statti. — ^The  immense  tracts  of  rich  alluvium  in  the 
southern  states — the  mildness  of  the  climate ^ — the  coasts  less 
abounding  with  safe  inlets,  and  often  modified  by  tbe  action  of  the 
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^    Existing  ocean,  with  a  popnlation  not  originally  commercial,  give  a 


decided  impulse  to  a  vast  agricnltnre,  and  a  few  great  staples  form 
the  chief  reliance  of  the  landholders.  It  is  easy  to  see,  that  this 
state  of  things  grows  oat  of  the  newer  secondaiy,  the  tertiaiy,  and 

I  the  aUnvial  formations,  which  constitute  the  ocean-hanier  from 
Staten  Island  to  Florida,  and  from  Florida  to  Texas,  extending 
inland  toward  the  mountains. 

\        Wuiem  States, — ^In  the  west,  the  boundless  fertile  prairies  and 

I  other  tracts  of  productiye  soil  conspire  with  remoteness  from  the 
ocean,  to  indicate  agriculture  and  pasturage  as  the  main  employ- 
ment o]f  the  inhabitants ;  while  exhaustless  beds  of  coal,  limestone, 
gypsom,  and  iron,  and  rich  veins  of  lead  and  copper,  and  numerous 
and  copious  salt  fountains,  furnish  means  for  a  manufacturing,  as 

f  wen  as  an  agricultural  population.  These  pursuits  occupy  the 
greater  number  of  the  people,  while  many  find  a  profitable  employ- 
ment in  navigating  those  immense  inland  seas,  the  great  lakes  and 
the  vast  rivers,  which  run  thousands  of  miles  before  they  mingle 
with  the  ocean.  This  state  of  things  is  the  result  of  the  immense 
extent  of  the  lower  secondary  and  transition  formations  which  cover 
the  western  states,  sustaining  portions  of  tertiary  strata,  and 

i     alluvial  deposits. 

I        While  New  England  produces  granite,  marble,  and  other  building 

*.  materials  of  excellent  quality,  Pennsylvania,  with  the  western  and 
several  of  the  southern  and  south-western  states,  supplies  inex- 

)  haustible  magazines  of  coal,  which  prompt  and  sustain  the  manu- 
facturing interests  of  this  wide  country,  and  aid  its  astonishing 
nayigation  by  steam ;  already  of  unexampled  extent  on  its  internal 
waters,  and  destined  at  no  distant  day  to  compete,  on  the  main 
ocean,  in  amicable  rivaby,  with  our  parent  country. 
Geoloffical  Treasures.-— Oxa  coal  formations,  in  richness  and  extent, 

^  are  unrivalled  in  the  whole  world;  our  iron  and  lead  are  in  the 
greatest  abundance  and  excellence ;  Missouri  has  mountains  of  pure 
oxide  of  iron,  that  have  no  compeers,  and  there  is  a  fair  prospect 
that  copper  will  also  be  found  to  abound  in  the  West.  We  have 
great  deposits  of  limestone  and  marble,  of  gypsum,  marl,  and  salt, 
and  of  building  stones  of  almost  every  kind ;  our  soils  are  so  various 
in  quality,  and  in  geographical  position,  that  almost  every  agricul- 
tural production  is  obtained  in  abundance.  It  is  obvious,  then,  that 
▼e  have  all  the  physical  elements  of  national  and  individual  pro- 
sperity, and  that  the  blame  will  be  our  own,  if  we  do  not  io\\syH 
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tlicm  up  by  proper  moral  and  intGllectiial  miltare,  wliich,  done,  eiu 
rciuler  tlifiiti  sources  of  public  mid  priirate  bappinesa.  ^ 

GGohgical  dfjkiendss—  Upper  Sectmdi^. — Of  the  upper  secondary^ 
below  tbo  cbalk,  and  abo?e  the  new  red  Buudfjtoni^  lying  Ligber  thm 
tbe  coid,  we  hme  no  weE  ascertained  strata :  rocks  of  ooUle  struc- 
ture we  may  bare,  but  it  \h  not  ascertained  that  we  bave  tbe  true 
oolite  of  England  and  contirnmtal  Europe,  nor  have  we  traced  the 
Wealden  nor  tbe  Liaa*  with  tlieir  colossal  aniiaal  wonders, 

Equivalent  of  Chalk. — ChaLkj  properly  speaking,  appears  to  be 
absent  frt>tn  the  United  States,  but  there  is  an  equivalent  to  the 
cludk  formation  in  vast  beds  of  sands  and  roarJB,  containing  many 
European   cretaceous  foss^Oa,    between  the  Delaware  river  and  | 
tbe  Bliorcs  qI  Kew  Jersey,  as  well  aa  in  various  placfes  in  the  I 
south.f 

A&t&tse  qf  Volcanoes, — The  principal  deficiencies  in  the  geological 
formation  of  the  United  States,  arc  in  the  absence  of  active  i 
volcanoes,  and  of  most  ef  the  members  of  the  upper  secondary,  i 
However  interesting  active  vole-anoca,  with  their  earthquakes  and 
eruptions,  may  be  to  speculative  geologists,  the  sober  ^mscientific 
population  of  our  States  may  well  rest  contented  witbout  themi 
satisfied  to  barter  tbe  sublime  and  terrific  for  quiet  and  safety* 
Altbuugh  the  soils  formed  from  decomposed  kva  are  often  fertile,  | 
and  the  vine  fionnslies  luxuriantly  on  the  flanks  and  at  the  feet  of  | 
the  volcanic  mountains  of  warm  countries,  these  in£ucnces  are  too 
local  to  bo  of  raueh  importance  to  agriculture. 

Wit  bin  tbe  United  States  proper,  including  tbe  states  and  tcfri* 
torica  beyond  the  MisaisBippi,  and  cast  of  the  Alleghany  mountalnB, 
there  is  not,  so  far  m  wc  know,  a  single  active  volcaim,  nor  even  aa 
nuequivoeal  crater  of  one  that  is  dormant.  It  Tcmains  yet  to  be 
decided,  whether  in  and  bejond  the  Hoeky  Mountains,  quite  to  the 
sliores  of  the  Pacific  Ocean,  there  are  any  active  volcanoes  within 
our  parallels  of  latitud*^  Botli  north  and  south  of  our  limits,  there 
are,  on  tbe  islands  Jtnd  shores  of  tbe  Paeifie,  numerous  volcanoes,  and 
it  would  be  strange,  indeed,  if  there  were  none  within  our  extensive 
possessions  on  the  same  ctiast, 

Esaord^  ofvolcamc  adion  in  ike  far  Jfcsl. — ^Howcvcr  this  may  be, 
there  reuuiuis  no  doubt  that  fire  has  done  its  w^ork,  on  a  great  scale, 

*  It  1a  plain  OiM  the  L^ai,  so  calkd^  in  tht  Welt,  li  not  the  L[m  of  EnKlanil. 
i  ie«  Dr.  Morlon'p  SynupbU  t}f  Orgiukr  nctnaiiu  of  ths  Gmn  Sandi  of  tlia 
Vtdbed  Statet,  1  yoK  ivo.  with  plntt^s. 
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tmcmg  the  Rocky  Mountaina,  and  between  them  and  tLe  Pu^^ific ; 
for  all  0(ir  travaHera  attest  the  existence  of  imnicusc  regions  oorered 
witli  scorie  and  other  decidedlj'  igneous  products,  as  if  there  bad 
been  actual  and  vast  cmptions,  mtbin  a  period  too  short  for  decom- 
position to  have  reduced  those  tumefied  Mid  seuu-vitniied  masiea 
into  soiL 

Trap  and  BttsaU, — Regular  formationa  of  trap,  and  of  basalt  mth 
ajmmetrica!  coluinnSj  are  common  among  and  bejond  the  Rocky 
Movintainsj  itad  the  rocks  of  tlila  igneous  family  are  frequent  in 
many  parts  of  the  old  United  States.  They  abound  in  New  Englund, 
Kew  Jersey,  and  the  CaroliiuiSj  and,  m  usual  elsewhere,  they 
protnidc  their  dykes  among  the  rocks*  In  New  England,  and 
cspceiaOy  in  New  Hampshire^  they  often  divide  the  primary  rocks, 
cutting  even  granite  mountains  from  top  to  bottom;  brauehiiig  out, 
in  many  places,  yiiih  numerous  veins  either  dying  away  to  extiuction, 
or,  perchance,  returning  again  to  the  main  current  after  having  cut 
off  a  portion  of  the  invaded  rock.  Hie  White  Momitms  of  New 
llanjpsbire  abound  in  such  phenomena. 

Sbiular  intruijions  arc  found  in  the  mountains  of  Essex,  Lake 
ChaiDplaiii,  New  York,  and  k  many  other  places,  and  the  primary 
rocks  on  the  coasts  of  Mi^sachusetts  and  Maine,  as  well  as  in  the 
bterior,  iire  wonderfully  eut  up  by  invadiug  vems  and  dykes  of  trap, 
basalt,  and  porjibjiy,  and  even  of  granite  itself*  It  appears,  also, 
that  in  the  state  of  New  York,  limestone  and  other  rocks,  including 
the  primary,  and  not  excepting  granite,  are  traversed  by  intrusive 
imp.* 

Tertiary  FQrmaUom,—OuT  tertiary  formations  are  exceedingly 
eitenisive,  and  are  rich  in  fossil  remains,  Tliey  bound  a  large 
portion  of  the  sea  coasts  south  of  New  England,  quite  to  the 
Mexican  gulf,  and  up  the  Mississippi  and  Missouri  :  tliese  oceanic 
deposits  are  also  found,  extending  hundreds  of  milca  into  the  in- 
terior from  the  coasts,  where,  as  well  as  near  the  sea,  they  furnish, 
in  their  calcareous  marls,  inexhaustible  resonrces  for  agriculture. 
Even  on  the  shores  of  New  England,  there  are  marine  tertiary 
deposits,  as  at  Gay  Head,  in  Mart  Wa  Tineyaxd,  and  elsewhere  in 
tlmt  vicinity ;  while  there  are,  in  every  part  of  the  United  States, 
iimumerable  inland  deposits  of  hmh  water  tertiary- 

Bfmiders,  —  In.  boiiders  and  rocks  of  transport  oar  country 


■ 


•  Sec  Ptofessor  Hail,  in  tlie  Geological  Exports  for  1B3S, 
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abotmck  j  Tast  regions  of  oldDr  aecondarj  and  transition  strata  are 
occupied,  more  or  le&a,  bj  ruins  of  primary  rocks,  BOine  of  them  erf 
vast  size,  while  the  primary  countries  themselves,  and  the  transitioii 
too,  are  marked  by  their  own  dkjeda  membra.  We  are  precluded 
by  our  limits  froai  discussing  the  causes  of  their  tronsportatioa, 
whether  by  floods,  ice  floes,  or  other  motive  powers.  It  is  almost 
muiecessary  to  remark,  that  pebbles,  gravel,  and  sand,  are  found, 
as  another  countries,  tnmsported  and  distributed,  without  doubt,  by 
the  action  of  water* 

8.   BBAtJfY    AND    INTEREST    OF    GeOUJGY    AS    A     SciENCE.^In 

relation  to  the  beauty  and  interest  of  Geology  as  a  science,  we  can 
hardly  trust  ourselves  to  write,  sinee,  within  our  prescribed  limits, 
we  have  no  room,  and  there  is  little  occasion  to  describe  that  which 
our  Author  has,  everywhere,  treated  with  signal  ability  and  elo- 
quence* It  may,  however,  serre  to  engage  tbc  attention  of  those 
to  whom  geology  is  a  terra  incognUaf  if  we,  in  tliia  place,  remark, 
that  no  field  of  science  presents  more  gratifying,  astottishing,  ami 
(hut  for  the  evidence)  incredible  results.  It  teaches  us  that  man 
has  been  but  a  few  thousand  years  a  tenant  of  this  world;  for 
nothing  which  we  discover  in  the  Btnicture  of  the  earth,  would  lead 
us  to  infer  that  he  existed  at  a  period  more  remote  than  that 
assigned  to  him  by  the  Scriptures.  Had  he  been  cotetnporaty  with 
the  animals  and  phmts  of  the  early  geological  periods,  we  should 
have  found  his  remains,  and  his  works,  entombed  along  with  them. 
This  argument  forcibly  impressed  the  mind  of  Bishop  Eerkeiey  a 
centory  ^o,  and  the  following  beautiful  passage  is  cited  from  him 
by  Mr.  Lycll  v* — "  To  any  one  who  considers  that,  on  digging  into 
t!ie  earth,  such  quantities  of  shells^  aad  in  some  places  bones  atid 
horns  of  animals,  are  found  sound  and  entire,  after  having  lain 
there,  in  all  probability,  some  thousands  of  years,  it  wotdd  seem 
probable  that  gems,  medals,  and  implements  in  metal  or  stone, 
migljt  have  lasted  entire,  buried  under  ground  forty  or  tiilty  thou- 
Band  years,  if  tbe  world  had  been  so  old.  How  coines  it  tLun  to 
pass  that  no  remains  are  found,  no  antiquities  of  those  numerous 
ages  preceding  the  Scripture  accounts  of  time ;  that  no  fragments 
of  buddings,  no  puhbc  monuments,  no  intaghos,  cameos,  stafc 
basso-relievos,  medals,  inscriptions,  utensils,  or  artificial  works  of  i 
kmd,  are  ever  discovered,  which  may  bear  testimony  to  the  existence 


*  Prlnciplw,  5th  Ed.,  vqL  iii-  p.  aW. 
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of  those  mighty  eMplrca,  those  siieces&ions  of  monafcba,  heraes, 
mil  dcmi-gods,  for  so  many  thoiismid  years  P   Let  ua  look  forward 
Jbf  ten  or  twenty  thousand  years  to  come,  durmg  which  time,  we 
^wif/  sirppofie  that  plag\ies,  famiEe,  wiura,  and  effr/At/mhg,  sball  haye 
Bade  great  havoc  in  the  world,  is  it  not  highJj  prubablcj  tliat  at  the 
of  such  a  period,  pillars,  %ases,  and  statuea,  now  in  being,  of 
dtCj  or  porphyrys  or  jasper,  (stones  of  such  hardness  as  we 
cow  them  to  have  lasted  two  thousand  years  above  ground,  without 
ny  considerable  alteration,)  wonld  bear  record  of  these  and  jjost 
liges  ?   Or  that  some  of  our  current  coins  mi^ht  then  l>e  dug  up,  or 
old  walJsj  ajid  the  fouudationa  of  buildings*  show  themselves^  as 
itell  DsS  the  shells  and  stones  of  l/te  prmer^ai  icofld,  wliich  arc  pre- 
served down  to  our  limes.'^*    This  remarkable  passage  proves  that 
the  great  man  from  whom  it  fell,  saw  the  geological  argument  in  a 
true  light,  and  felt  its  force  to  such  a  degree  as  to  convince  liiui  of 
the  great  antiquity  of  the  earth,  which  be  justly  viewed,  as  in  no 
way  inconiistant  with  the  comparatively  recent  origin  of  man,  or 
with  the  histaneal  account  of  hoth  events  contained  in  the  Of  nesis. 
It.  is  tjflsy  to  imderstand  how  &uch  a  mind  would  have  been  con- 
Tincod,  warmed,  and  excited  even  to  enthusiasm,  by  the  discoveries 
that  have  burst  upon  us  during  the  last  fifty  years, 

9,  Organic  Eemauv's. — As  we  descend  from  the  alluvial  soil 
nnder  our  feet,  through  the  strata,  the  lowest  of  which  lies  upon 
tlie  granite,  or  the  early  slates,  we  are  seldom  without  the  records 
of  life,  in  ages  long  past,  and  those  records  are  drawn  both  from 
the  aiumal  and  vegetable  world. 

Ear{^  Atimak.—^\idh  of  molluscous  and  testaceous  animala 

ire  everywhere  seen  ■  their  forma,  their  casts,  their  substance,  are 

qipftrentiy  preserved  in  stone,  hut  generally  converted,  by  the  sub- 

~  (titntion  of  mineral  matter,  into  true  fossils.    Myriads  on  myriads 

these  things  arc  found,  not  merely  in  the  superficial  strata,  but 

r  of  the  mountains,  and  aJt  profound  depths,  forjning  an 

''pBrt  of  the  solid  framework  of  the  globe.f    The  aniinals 

and  plants  are  not  accidental  resemhlaaices,  but  authentic  specimens 

I  of  ancient  organistnis,  enclosed  in  the  strata  and  mountains,  as  the 

ttateriab,  in  mechanical  or  chemical  suspension  in  the  waters,  con- 

'^^fTfted  around  them. 

•  Alciphron,  or  tbo  MltiiiteJPliUosopher^  vol.  U.  pp,  S1»  35*    l7aS. 
t  !S*e  the  llif  of  fltrnta  farmed  wholly .  i)r  in  great  jjjirt,  or  organic  remalm,  in 
«i>ii  Author'!  Eighth  Lectuic;.  and  in  hit  '*  J/foTeiU  of  Cteuiwn" 

^ 
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Fossil  Fishes. — If  we  descend  from  the  strata  of  newest  for- 
mation, to  those  that  lie  near,  or  upon  the  primary  rocks,  we 
find  not  only  that  crustaceoos  and  molluscous  animals,  of 
various  kinds,  have  existed  in  the  eariy  periods,  but  that  fishes 
have  occupied  the  waters  of  almost  all  geological  ages  since  life 
began,  and  that  among  the  earliest,  even  those  that  are  buried 
beneath  the  coal,  there  were  races  of  great  size,  power,  and  ferocity ; 
formidable  from  their  teeth  and  jaws,  which  had,  in  some  species, 
a  structure  like  those  of  reptiles ;  and  they  had  forked  tails  with 
unequal  flukes,  which  enabled  them  quickly  to  turn  over  on  their 
bacfcs  before  striking  their  prey.  The  fossil  fishes  of  particular  genera 
and  species,  are  characteristic  of  particular  geological  formations — 
they  extend  geographically,  far  and  wide,  to  distant  countries,  so 
that  certain  species  may,  if  found  at  all,  be  expected  in  similar 
rocks  in  Europe,  in  America,  in  Asia,  and  Africa ;  and  they  are  fA 
every  size,  from  inches,  and  fractions  of  an  inch,  to  several  feet. 
They  occur  either  solitary — or  in  groups — or  in  fragments — or  in 
immense  shoals,  like  those  of  Monte  Bolca,  near  Verona,  in  Italy, 
where  there  are  several  hundred  species ;  still,  scarcely  a  single 
fish  of  the  strata  that  precede  the  most  recent  tertiary,  is 
identical  in  species  with  any  now  existing  in  the  waters  of  the 
globe. 

Fossil  Vegetables. — ^Vegetables  are  found  in  strata  of  nearly  all 
geological  ages,  and  the  labours  of  Count  Sternberg,  of  M.  Adolphe 
Brongniart,  and  of  many  other  able  botanists,  have  proved  that  a 
peculiar  vegetation,  adapted  to  the  temperature,  the  degree  of 
moisture,  and  other  circumstances  of  the  earth's  successive  surfaces, 
attended  the  different  geological  epochs. 

Splendid  and  expensive  works  are  now  in  the  hands  of  geologists, 
containing  exact  delineations  of  the  fossil  vegetables,  as  far  as  they 
have  been  ascertained.  These  fossil  plants  are  of  all  dimensions,  from 
minute  confervse  and  lichens,  to  gigantic  trees ;  their  structure,  from 
mere  fragments  to  perfect  plants,  has  been  beautifully  delineated ; 
roots,  trunks,  branches  and  leaves,  with  the  most  delicate  ramifica- 
tions of  the  skeletons  of  the  latter,  have  been  examined ;  and  in 
some  rare  cases,  the  more  perishable  organic  fructification  has  been 
made  out,  and  the  fruits  themselves  have  been  identified.* 

*  See  our  Author's  work,  entitled  "  Medals  of  Creation"  for  a  lucid  summary  of 
the  fossil  remains  of  animals  and  plants,  at  present  known. 
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V^iation  of  fh&  Coal  period.'— Th^  most  exuberant  TBgetation 
appears  to  have  been  tliat  of  tlie  coal  period,  and  its  entombed  troii- 
sures  DO\r  supply  the  world  with  fuel,  especially  in  countries  where 
ttie  forests  are  exhausted,  or  where  economy  of  the  modem  TCgc- 
tation,  or  preference  for  the  results  of  the  ancient,  decides  the 
choice » 

FarieiieA  of  the  Aiwieni  Fomil  Fegetaikn. — The  ancieut  vegetation 
nppears  in  many  forms,  as  in  that  of  lignitej  of  co^,  and  of  siliceous, 
calcareousj  and  femiginons  petrifactions,  still  preserving  the  pecu- 
liar structnre ;  and  this  has  been  made  still  more  distinct  and  satis^ 
factory,  by  cutting  thin  slices  of  the  petrified  trunks,  and  ^indin^ 
them  down  until  thej  beccme  transparent,  when  the  microscope 
wveak  the  internal  structure,  wliich  characterizes  the  family.  Thus, 
it  hits  been  made  to  apppjir,  that  coniferous  trees  of  forest  growth, 
occur  in  the  coid  formation  in  the  south  of  Scotland,  and  the  north, 
of  England ;  and  that  zamifis  and  other  palm-like  trees  were  eoeyal 
with  the  chalk  in  the  south  of  England,  But  no  species  of  the 
ancient  world  arc  identical  with  any  of  the  modem,  and  the  eaj'ly 
YPgetation  implies,  generally,  a  warm  ajid  moist  climate,  and  great 
fertility  of  production. 

AqnaUc  Ammals. — Jleptiks.—T!m  abundance  of  remains  of 
animals,  almost  exclusively  of  marine  species,  attests  the  great  pre- 
Talence  of  the  ocean  in  the  earlier  geological  periods,  and  it  is -not 
until  we  have  passed  the  coal  in  the  ascending  order,  that  we  begin 
\jo  find  reptiles  of  marine  or  of  amphibious  familie&,  and  ultimately, 
j^  higher  up^  of  terrestrial  races.  With  a  similarity  of  type  to 
Wie  families  of  the  present  day,  both  the  genera  and  species  are, 
however,  with  but  very  few  execptions,  extinct*  Some  were  car- 
nivorous and  swam  in  the  shallow  seas,  estuaries^  lagooiiH,  and  bays, 
and  preyed  upon  fishes,  molluscous  animals,  and  each  other ; 
some  lived  on  land  and  were  herbivorous ;  a  few  genera,  the 
me^osaunis  and  iguanodon,  for  example,  were  colossal  in  size, 
and  terrible  in  form,  hut  it  is  probable  tliat  the  latter  of  these 
terrestrial  saurians  was  hamdess  and  inoffensive,  while  the  tooth  of 
the  megalosaurus  would  inditjate  acamivorons  animal,  Hkc  the  marine 
«anrians.  Bones  of  many  genera  and  species  of  the  reptile  tribes, 
especially  the  sannans,  Iiave  been  fnuud,  and  of  sojne  individual, 
eatire,  or  neiidy  perfect  skeletons  ; — among  tliem,  several  of  vast 
dimeiiaious   liave  been  discovered   enclosed  in  the  solid  rock  a. 

c2 
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along  with  their  petri£ed  ami  haH-dig«:stcd  foo4  ^^  with  their 
ooprolitcs. 

Mar^w^iak, — If  the  reptiles  formed  the  transitioE  from  the  marine 
animtds  upward,  the  raarsupiala,  m  they  lire  called,  were  the  link 
between  the  ancient  reptiles  and  terrestrial  qnadrnijeds.  The  mar- 
supials, of  which  the  opossum  is  aa  example,  re-ecive  their  young 
(wliiclv  when  born,  are  si  ill  immature)  into  an  exterior  pouch  or 
uhdomiual  saek,  and  there  nourish  them  at  their  paps,  until  thej 
are  fitted  to  go  abroad,  and  to  eneounter  the  vicissitudes  of  their 
peculiar  modes  of  life.  These  are  the  only  animals  hitherto  found 
below  the  chalk  whieh  approximate  to  the  proper  terrestrid 
ehtiriicter.  Br,  Mantcll  has,  however,  found  the  bones  of  birds  m 
the  Wealden  beneath  the  chalk,  and  our  own  eonntrymen.  Pro- 
lessor  Hitchcock  and  Dr*  James  DeanCi  have  discovered  nunierous 
tracks  of  hipedsj  probably  (jf  birdsj  somn  of  them  of  gigantic  dimen- 
iionSj  in  the  new  red  aandstonc  of  the  Comiecticnt  river 

Fojudk  of  the  CJwlk  and  ferimry. — The  chalk  then  follows,  with 
its  unmensc  and  varied  mmiQc  treasures — faci^  corals,  echinoderms, 
moUusks,  fisli,  reptiles,  with  drifted  wood,  &e.  \  and  then  the  lower 
tertiaiy,  still  marine :  and  nextj  tlie  middle  teiiiiaTy,  where  proper 
and  fully  characterized  terrestrial  animals  are  first  foujid  in  ahnn- 
dance.  Through  the  remaining  beds  of  tertiary^  both  marine  and 
fresh'Watcr,  we  find  molluseous  animals,  fishes,  reptiles,  and 
vegetables,  verging  towards,  and  many  identical  wit  h^  those  of  our 
own  times  \  and  occasionally  we  discover  also  terrestrial  animals, 
but  mostly  dilTerent  from  the  modem ;  until,  at  last,  in  the  dHa- 
Tium  and  alluvium,  and  the  most  recent  sedimentary  and  conerc- 
tionary  formations,  we  discern  animals  and  plants,  still  more  and 
more  like  tiiose  now  living,  and  finally  gruduuting  into  perfect 
identity  with  existing  races. 

JVb  Fomil  liemaim  of  il/ffra.^-^JIan,  and  his  works,  appear  only  in 
the  last  etages,  associated  with  such  beings  as  now  emt,  both  in 
the  ammal  and  vegetable  world.  Tlie  pages  of  our  Author  will 
disclose  the  great  variety  and  extraordinary  forms,  and,  in  many 
eases,  cokjssfll  dimensions,  nnrivtdled  at  the  present  time,  of  some 
of  the  ancient  animals,  the  megatherium — the  sivatherium — the 
dinotheriam — the  mastodon — the  elephant — the  hippopotamui— the 
rhinoceros^the  cavern  hear^ — the  tiger,  and  many  others*  Bnt  in 
aonsetiuence  of  the  most  recent  discoveries  of  geology*  ire  are 
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femried  from  that  wbich  is  stupendous  and  vast,  to  that  which  is 
incouceivably  minute.  The  extremes  of  creation  meet  iu  the  mineral 
kingdom*  In  the  soHd  rocks  are  found  both  the  colossal  reptiles^ 
and  the  mieroscopic  inftisoriai  animalcules.  Ehrcnberg  hjis  dis* 
fovered  that  polishing  slate  is  made  np  of  the  cases  or  ^liella  of 
animalcules  so  minute,  that  forty-one  thouitand  millions  of  them  are 
required  to  fill  a  cuhic  inch,  and  these  aihceous  shields  are  the 
caufie  of  the  well-known  effect  of  the  tTipoHi  or  rotten  stone,  in 
pobabiug  steel,  &e.  An  analogous  constitution  has  been  discovered 
k  ©ertiim  flintj  opal,  and  bog  iron ;  and  extenjsive  deposits  of  marl, 
&C.J  in  tills  cmintry,  are  composed  of  similar  remains,  figures  of 
many  of  wbicb  kive  been  given  by  Professor  Bailey,  in  the 
American  Journal  of  Science,  Even  the  soft  parts  of  the  foramini- 
fera  have  been  detected  in  the  chalk  and  flint  of  England  by  our 
Author* 

10»  GESTEELii.  Kbm;akks. — Such  is  a  very  general  and  imperfect 
ikfitch  of  the  progressive  groups  of  animals  and  plants,  that  have 
llhabited  our  world,  have  become  extinct,  and  are,  in  countless 
myriads,  entombed  in  the  strata,  and  In  the  sohd  racks.  It  is  only 
on  the  upper  surface  that  we  discover  loose  and  scattered  boulders 
and  fragments  of  rocks,  and  beds  of  gravel,  sand,  and  detritus, 
the  ruins  of  niore  ancient  strata;  in  short,  such  accumulations 
of  drifted  and  alluvial  materials  as  we  could  with  reason  attribute 
to  catastrophes  of  rising  and  nisbing  w^atcrj  the  deluges  of  geo- 
logistSj  or  the  del  age  of  the  Seriptnres ;  the  latter,  almost  alone, 
being  admitted  to  the  contemplations  of  those  who  are  uuinstructed 
in  our  Bclenee.  Now,  it  is  a  matter  of  physical  demonstration, 
that  the  carih  existed  for  many  ages  before  Man  was  created ;  tbe 
whole  course  of  geological  investigation  proves  this  view  to  be  the 
only  one  that  is  consistent  with  the  facts.     To  be  convinced  of  its 

th,  it  is  only  necessary  to  hecoine  thoroi;ghly  acquainted  with 
hmumerable  records  of  a  progressive  creation  and  destruction 
h  the  earth  contains^  inscribed  on  medab,  more  replete  with 
liistorical  truth,  and  more  worthy  of  confidence,  than  those  that 
have  been  fonned  by  man;  as  much  more  as  nature  exceeds  in 
venieity,  the  erring,  or  mendacious  records  of  the  human  race. 

11.    COKSISTEXCT  Of  GeOLOGT  WITH  THE  SCEIPTUKE  HiSTOKT. — 

Hardly  two  centuries  have  passed  since  the  astronomical  doctrines 
~  •  Bte  PhUwcjpMc^  TraujBctioos,  for  mfl* 
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of  Galileo,  Kepler,  and  Newton,  were  regarded  as  incnEsisteut  witk 
the  Scriptures,  and  therefore  heretical ;  but  although  the  discrep^icy 
of  the  literal  meaning  of  the  Bible  with  the  real  truths  of  Astronomy, 
is  still  aa  great  as  ever,  no  one  any  longer  hcsitiites  to  regJird  listro- 
nom)*  as  giving  a  just  view  of  the  stupendous  mechanism  of  the 
Universe; — all  agree  in  understanding  the  language  of  the  Script  ui^ 
a^^  being  adapted  to  the  a^ipduran^s  of  the  heavens^  of  which  alone^ 
mankind  in  general  can  form  any  just  oonceptLoii,  and  \rith  which 
alone  the  Scriptures  are  concerned.  The  Bible,  being  designed  as  a 
code  of  moral  instruction,  aa  a  revelation  of  a  future  life,  and 
of  the  sanctions  that  belong  to  that  momentous  subject,  contains 
HO  systema  of  philosophy.  Moral  science^  eBseutially  contained  in 
the  Scriptures,  is  not,  even  there,  presented  in  a  regular  form,  as  in 
human  systems,  btit  in  mode^  more  liappily  adapted  to  the  actual 
condition  and  capabiiitica  of  mankind. 

In  relation  to  physics,  the  inform ution  contained  in  the  Bible  is 
cjidy  incidental,  God  is  declared  to  bo  the  Creator  of  the  heavens 
and  the  earth, — the  physical  niiiverse,^ — and  throughout  the  sacred 
volume  there  are  innumerable  allusions  to,  and  iUustrations  of,  his 
character,  as  its  Creator  mid  Governor :  but  there  is  not  even  thfs 
most  general  outline  of  aiiy  physical  science.  The  creation  of  the 
heavens  and  the  earth,  of  the  sun  and  the  moon,  are  disposed  of  with 
extreme  brevity,  while  the  allusions  to  the  ^ological  arrangements 
of  this  planet  are  only  such  as  are  eoimected  with  the  fiist  appear- 
ance of  its  organised  beings,  aud  the  emergenee  of  the  laud  from 
the  original  ocean. 

Instruction  in  the  Boiences  was  not  the  object  of  the  Scripturea ; 
the  physical  creation  wiia  left  by  its  Divine  Author  for  the  de- 
lightful exercise  of  our  faculties,  and  to  afford  an  inexhaustible 
sonrce  of  mental  and  moral  pleasure ; — for  application  to  use,  to 
increase  the  power  and  the  comforts  of  man— an  equally  unfailing 
fund  of  improvement,  and  for  the  additional  jlluatration  of  the 
character  of  God ;  an  exhaustFess  fauntain  of  knowledge^  mingling 
its  streams  harmoniously  with  those  of  divine  revelation. 

I'rom  the  study  of  the  physical  creation,  Man  has^  therefore, 
drawn  all  the  amtural  sciences,  of  which  Astronomy  is  the  most 
suhUme  and  splendid,  while  Geology  yields^  in  this  respect^  only  to 
astronomy.  Neither  astronomy  nor  geology  is,  however,  enunciated 
in  the  Scriptures,  but  both  are  revealed  in  the  book  of  Nature,  and 
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the  astomshing  tratks  which  they  unfold  have  been  brought  to 
light  by  bnman  research. 

While,  as  already  remarked,  the  science  of  astronomy  is,  in  fact, 
inconsistent  with  the  apparent  movements  in  the  heavens,  and, 
therefore,  with  the  literal  and  popular  phraseology  of  the  Scriptures, 
which  allude  to  physical  things  as  they  appear  to  the  uninstructed 
mind,  and  not  as  they  are  in  reality, — geology  presents  not  even 
this  discrepancy,  but,  on  the  contrary,  a  substantial  agreement  in 
its  fEUjts  with  the  Scriptures.  The  latter  describe  a  physical  crea- 
tion of  mineral  matter,  and  a  successive  creation  of  plants  and 
animals,  ending  with  man ;  while  geology,  by  irrefragable  demon- 
strations, which  nothing  but  a  study  of  the  earth  could  afford, 
proves  this  history  to  be  true. 

The  Scriptures  describe  a  universal  deluge ;  and  geology  shows 
that  every  part  of  the  earth  is  marked  by  the  effect  of  such  visita- 
tions, occurring  at  one  time,  or  at  many  times ; — a  repetition  of 
local  deluges,  or  a  general  one,  would  produce  similar  results ;  and 
although  it  may  be  impossible  to  distinguish  between  the  accumu- 
lated effects  of  local  overflows,  and  a  general  diluvial  devastation, 
the  surface  of  the  earth  is  everywhere  strewn  with  diluvial  debris. 
The  Scriptures  declare  that  there  was  a  beginning,  and  geology 
proves  that  there  was  a  time  when  neither  plants,  nor  animals,  nor 
man  existed ;  but  both  the  Scriptures  and  geology  are  silent  as  to 
the  period  when  the  fiat  of  the  Creator  first  called  our  earth  and 
the  planetary  systems  into  being.  It  was,  doubtless,  in  very 
remote  antiquity,  but  the  commencement  is  known  only  to  Him 
who  has  neither  "  beginning  of  years,  nor  ending  of  days." 

Thus  the  consistency  of  geology  vnth  the  early  Scripture  history, 
is  susceptible  of  a  perfect  and  triumphant  defence,  but  it  is  not  to  be 
found  in  the  refinements  of  exegesis,  nor  in  the  forced  solution  of 
a  general  deluge,  which  is  entirely  unsatisfactory,  and,  indeed, 
impossible,  as  a  cause  of  the  regular  formations  of  the  earth, 
immensely  varied  as  they  are,  and  exuberant  in  the  relics  of  many 
successive  races  of  the  animab  and  vegetables  of  past  ages.  But 
this  consistency  is  found  in  the  regular  induction  from  facts,  in 
the  just  understanding  of  time,  and  in  its  extension  back  beyond 
the  creation  of  man,  so  far  as  to  embrace  the  innumerable  events 
that  have  certainly  happened  in  the  material  world. 

To  this  conclusion  the  religious  mind  is  fast  approaching,  and 
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its  arrival  at  the  goal  of  truth  is  as  certain  as  the  progress  of 
time ;  and  the  period  is  near  at  hand,  when  the  great  deductions  of 
Geology,  like  those  of  Astronomy,  will  be  viewed  by  the  intelligent 
and  instructed  as  in  perfect  harmony  with  the  Scriptures,  and  as 
affording  new  proofs  of  the  wisdom,  and  goodness,  and  omnipotence 
of  the  Eternal  Being,  who,  "  in  the  beginning  created  the  heavens 
and  the  earth." 
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LECTURE  I 

I.  Introductory.  2.  Nature  of  Geology.  S.  Harmony  between  Revelation  and 
Geology.  4.  Duration  of  geological  Epochs.  5.  Structure  of  the  Earth.  6.  Geo- 
graphical Distribution  of  Animals  and  Plants.  7.  Temperature  of  the  Earth. 
8.  Nature  of  the  Crust  of  the  Globe.  9.  Classification  of  Rocks.  10.  Geobgical 
Mutations.  11.  Connexion  of  Geology  with  Astronomy.  12.  Nebular  theory  of 
the  Universe.  13.  Various  states  of  the  Nebuls.  14.  Formation  of  the  Solar 
System.  15.  Gaseous  state  of  the  Earth.  16.  Geology  elucidated  by  Astronomy. 
17.  Aerolites.  18.  Origin  of  Aerolites.  19.  Existing  geological  Agents.  20. 
Aqueous  Agency :  the  effects  of  Streams  and  Rivers.  21.  Deltas  of  the  Ganges 
and  Mississippi.  !S2.  Formation  of  Fluviatile  Strata.  23.  Ripple-marks.  24. 
Lewes  Levels.  25.  Remains  of  Man  in  modem  Deposits.  26.  Peat  Bogs.  27. 
Conversion  of  Peat  into  Coal.  28.  Subterranean  Forests.  29.  Geological  effects 
of  the  Ocean.  80.  The  Bed  of  the  Ocean.  31.  Effects  of  Currents.  32.  Icebergs 
and  Glaciers.  33.  Incrusting  Springs.  34.  Incrustations.  35.  Lake  of  the 
Solfatara.  36.  Marble  of  Tabreez.  37.  Stalactites  and  Caverns.  38.  Consolidation 
of  loose  Sand.  39.  Destruction  of  Rocks  by.  Carbonic  Acid.  40.  Carbonic  Acid 
in  Caves.  41.  Consolidation  by  Iron.  42.  Recent  Limestone  of  the  Bermudas. 
43.  Fossil  human  Skeletons.    44.  Isle  of  Ascension.    45.  Drifted  Sand.   46.  For- 

'  mation  of  recent  Sandstone.  47.  Siliceous  depositions.  48.  The  Geysers  of 
Iceland.  49.  Siliceous  Thermal  Waters  of  New  Zealand.  50.  Artificial  Solution 
of  Snex.  51.  Hertfordshire  Pudding-stone.  52.  Effects  of  high  Temperature. 
53.  Volcanic  agency.  54.  Subsidence  and  Elevation  of  the  Temple  at  Puzzuoli. 
55.  Historical  Evidence.  56.  Causes  of  these  changes.  57.  Elevation  of  the 
Chilian  Coast.  58.  Raised  Sea-beach  at  Brighton.  59.  Elevation  of  Scandinavia. 
60.  Mutations  in  the  relative  Level  of  Land  and  Sea.    61.  Retrospect. 

1.  Introductory. — An  eminent  philosopher*  has  justly 
remarked,  that  in  order  to  obtain  a  proper  sense  of  the 
interest  and  importance  of  any  science,  and  of  the  objects 
which  it  embraces,  nothing  more  is  necessary  than  the 

*  Professor  Sedgwick. 
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intent  and  persevering  study  of  them  ;  for  such  is  the 
cons  u  HI  mate  perfection  of  all  the  works  of  the  Creator, 
that  every  inquirer  mil  discover  a  surpassing  worth,  aud 
grace,  and  dignity,  in  that  especial  department  of  know- 
ledge to  which  he  may  peculiarly  devote  his  attention. 
Whatever  walk  of  philosophy  he  may  enter,  that  wiil 
appear  to  him  the  path  which  is  the  most  enriched  by 
all  that  is  fitted  to  captivate  the  intelicctj  and  to  excite 
tlie  imagination.  Yet  before  we  can  attain  that  elevation 
from  which  we  may  look  down  upon  and  comprehend  the 
jiiysteries  of  the  natural  worltlj  our  way  must  be  steep  and 
toilsome,  and  we  must  learn  to  read  the  records  of  creation 
in  a  stranfjc  language.  But  when  tins  knowledge  is  once 
acquired,  it  become'*  a  mighty  instrument  of  thought,  liy 
which  we  are  enabled  to  link  together  the  phenomena  of 
past  and  present  times,  and  obtain  a  domination  over  niEiny 
parts  ol'  the  natural  world,  by  comprehending  some  of  the 
laws  by  which  the  Creator  has  ordained  that  the  aetiona  of 
malenal  thing.^  csliall  be  governed. 

In  the  whole  circle  of  the  sciences,  there  15  none  that 
jnore  strikingly  illustrates  the  force  and  truth  of  these 
remarks  than  Geology  ;  none  which  oifers  to  its  votaries 
rewards  so  rich,  so  wondrous  and  inexhanatible*  In  tlie 
shapeless  pebble  that  we  tread  upon,  in  the  rude  mass  of 
rock  or  clay,  tlie  uninstructed  eye  would  in  vain  seek  for 
novelty  or  beauty;  like  the  adventurer  in  Eastern  fable, 
tlie  inquirer  finds  the  cavern  closed  to  his  entrance,  and  the 
rock  refusing  to  give  up  the  Ireasm-es  entombed  within  its 
stony  sepulchre,  liU  the  talisman  is  obtained  that  can  dissolve 
the  enchantment,  and  unfold  the  marvellous  secrets  which 
have  80  long  lain  hidden. 

2.  Nature  of  geology. — To  the  mind  that  is  unac- 
quainted with  the  nature  and  results  of  geological  inquiries, 
and  which  has  been  led  to  believe  that  the  globe  we  inhabit 
is  in  the  state  in  which  it  was  tirst  created^  and  that  >vitb. 
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ilkt  exception  of  the  effects  of  a  general  deluge^  its  surftoe 
has  undergone  no  material  change,  nivLnj  of  the  facta  to  be 
moticed  in  the  course  of  these  lectures  muy  appear  almost 
credible,  and  the  iofereaces  drawn  from  their  investiga- 
tion be  regarded  as  the  vagaries  of  the  imagination,  ratLer 
aa  as  the  legitimate  deductiona  of  sound  pldbaophy.  If, 
erefore,  it  be  absolutely  necee&ary,  as  it  unqucstionablj 
tbiit  in  tlie  pursuit  of  knowledge  of  any  kiud,  before 
tvcn  experience  can  be  employed  with  advantage,  we  must 
i$B  from  our  minds  all  prejudice^^  from  whatsoever 
mrce  they  may  arise,  this  mental  puriJieation  becomes  the 
ore  indifpensahle  in  a  science  like  Geology,  in  which 
e  meet  ut  the  very  threshold  with  facta  so  novel  and 
astounding  ;  facts  which  prove,  that  though  man  and  other 
living  things  hCj  as  it  were,  but  the  creation  of  yesterday, 
the  earth  has  teemed  with  iiumberlcBS  forms  of  animal 
d  vegetable  life,  myriads  of  ages  ere  the  existence  of  the 
uman  race. 
Geology  may  be  termed  the  physical  history  of  the 
earth, — it  comprehend>§  the  investigation  of  the  mineral 
structure  of  our  globe,  and  the  characters  and  cauaez?  of 
the  various  changes  which  have  taken  place  in  the  organic 
and  inorganic  kingdoms  of  nature.  It  has  been  empha- 
tically denominated  by  one  of  our  most  distinguished  philo* 
aopherBj  the  sister  science  of  Astronomy,  But,  i-elating  as 
it  does  to  the  history  of  the  past,  and  carrying  us  back  by 
the  careful  examination  of  the  relics  of  former  ages,  to 
periods  so  remote  as  to  startle  all  our  preconceived  opinions 
of  the  age  of  our  planet,  the  fate  of  its  early  cultivators  has 
resembled  that  of  the  immortal  Galileo  and  the  astronomers 
of  his  timers ;  and  for  a  similar  reason,  liioaely,  tht;  supposed 
discrepancy  between  the  discoveries  and  inierences  of  thia 
science,  aud  the  Mosaic  cosmogony. 

3.     IlARHorSf    BETWEEN   KEVELATION    AUD   GEOLOGY.— 

Then?  was  a  time  when  every  geologist  was  compelled  to 
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flrawii  from  analogy,  but  by  infliiitrovertible  physical  evi- 
dence, t!iat  there  were  farmer  eonditiona  of  onr  planet, 
separated  from  eacli  other  by  vast  intervals  of  time,  during: 
TV  hi  eh  this  world  was  teem  inn;  with  life,  ere  the  creation  of 
man  and  the  animals  wliieh  are  his  eotemporaries. 

4-  DuBATiox  OF  GEOLOGICAL  EPOCHS* — At  the  first 
step  we  take  in  geological  inveatigationsj  we  are  f^truck 
with  the  immen&e  periodE?  of  time  which  the  phenomena 
preseiited  to  our  view  must  have  required  for  their  pro- 
duction, and  the  incessant  changes  which  appear  to  have 
been  going  on  in  the  natural  world.  But  we  must  re- 
member that  time  and  change  are  great  only  with  reference 
to  the  faculties  of  the  beings  which  note  them  ;  the  insect 
of  a  dayj  contrasting  its  ephemeral  life  with  that  of  the 
flowers  on  which  it  rests,  would  attribute  an  unchanging 
permanence  to  tlie  most  evanescent  of  vegetable  forms ; 
while  the  flowers,  the  trees,  and  the  forests,  would  ascribe 
an  endless  duration  to  the  soil  on  which  they  grow:  and 
thus,  uninstructcd  man,  comparing  his  transient  earthly 
existence  with  the  solid  fmmework  of  the  world  he  inhabits, 
deems  the  hills  and  mountains  around  him  coeval  with  the 
globe  itself-  But  with  the  enhirgement  and  cultivation  gf 
his  reasoning  powers,  man  takes  a  more  just,  comprehen- 
sive, and  enlightened  view  of  the  wonderful  scheme  of 
creation  ;  and  while  in  his  ignorance  he  imagined  that  the 
age  and  duration  of  this  planet  were  to  be  measured  by 
his  own  brief  span,  and  arrogantly  deemed  himself  alone 
the  object  of  the  Almiglity's  care,  and  that  all  things  were 
created  solely  for  his  jileasures  and  necessitiesp  he  now 
becomes  conscious  of  his  own  insignificance  and  depend- 
ence, and  entertains  more  correct  ideas  of  the  omnipotence 
and  goodness  of  his  Creator.  And  while  exercising  his 
high  privilege  of  being  the  only  creature  endowed  with  the 
capacity  of  contemplating  and  understanding  the  wonders 
of  the  natural  world,  he  learns  that  most  important  of  all 


lessons— *  to  doubt  the  evJdence  of  hia  senses,   until  con- 
firmed by  cautious  and  patient  observntion. 

With  these  introcluctorj  remarks  I  proceed  to  tbe  con- 
sideration of  the  subjects  selected  for  the  present  dig  course, 
premising^,  that  from  the  magnitude  and  diversity  of  the 
olyects  embraced  by  geology,  it  is  scarcely  possible  to  offer, 
in  tbe  space  assigned  to  a  course  of  popular  lectures,  even 
an  epitome  of  the  marvels  which  modern  researches  have 
brought  tolight*  Tliisconsideration,theTeft>re,  must  he  my 
apology  for  the  concise  manner  in  which  many  interesting 
facts  %vill  be  noticed ;  and  I  would  beg  of  you  to  consider 
that  lectures  of  this  kind  can  only  present  a  general  view 
of  the  philosophy  of  geology  ^  that  tbcy  are  calculated  to 
excite,  rather  than  to  satisfy,  a  rational  euriosityj  and 
cannot  supersede  the  necessity  of  study,  and  of  personal 
investigation- 

5,  STRtTCTURE  OF  THE  EARTH. — The  globc  we  Inliabit 
is  a  planetary  orb,  about  twenty -four  thousand  miles  in 
circumference,  and  of  a  spheroidal  shape;  its  figure  being 
tach  as  a  fluid  body,  made  to  rotate  on  its  axis,  would 
assume.  Tbe  mean  density  is  five  times  greater  than  that 
of  water,  tbe  interior  being  double  that  of  the  solid  ex- 
ternal casCp  From  astronomical  observations,  the  original 
crust  of  the  earth  is  supposed  to  have  been  a  superficial 
coating  of  solidified  matterj  produced  by  tbe  cooling  of  the 
surface  of  an  incandescent  fluid  globe;  and  on  this  shell  or 
rust  have  been  slowly  accumulated,  during  the  lapse  of 
anumerable  ages^  the  rocks  and  strata  which  form  the  more 
mediate  objects  of  geological  investigation.  The  thick- 
ess  of  the  solid  crust  of  the  earth  is  computed  at  from  800 
1,000  miles,  but  it  is  not  supposed  tliat  this  shell  is  uni- 
brm  in  extent  or  density;  on  the  contrary,  it  is  probable 
liat  it  is  cavernoup,  and  that  liquid  masses  of  mineral 
aatter,  in  various  states  of  fluidity  and  incandescence,  are 
Ststrihiited  throughout  the  interior  of  the  globe.     Some  of 
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the§e  stibtetraneDUg  lakes  of  moUen  rock  are  probably 
isolated  ;  others  may  communicate  with  each  other  by 
channels  more  or  leas  pervious ;  and  the  extensive  distri* 
but  ion  of  stieh  sources  of  heat  is  supposed  to  account  for 
the  phenomena  of  earthquakes  and  volcanoes,  and  for  the 
constant  hicrease  of  temperature  beneath  the  surface  of  ike 
earth,  in  proportion  to  the  depth  tbat  is  reached^* 


X.IflK.1.— TH£  lirPFOiED  APFEAHAKCSOF  TBE  E4Bf9  Al  lEKN  FAOU  THE  1 

(From  Sir  Ji*  De  la  Beche'jt  Theoretknt  Geoioj^J 


The  earth's  surface  is  computed  at  190  millions  of  square 
miles;  of  wbicb  three- fifths  are  covered  by  seas,  and  another 
large  proportion  by  vast  bodies  of  fresh  water,  hy  polar  ice 
and  eternal  snows;  so  that,  taking  into  consideration  sterile 
tracts,  morasses,  &c.,  scarcely  more  than  one-fiftb  of  the 

*  Sec  the  profound  mvestigations  **  On  the  state  of  the  interior  of 
the  Earth/'  hj  WilHlua  Hoptinri,  Esq.  PAiW  Tram,  for  1339  and 
1842. 
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surface  of  the  globe  is  £t  for  the  habitation  of  man  and 
terreatrial  aniirjals**  The  area  of  the  Paxjific  Ocean  alooe^ 
is  estimated  to  be  equal  to  the  entire  surface  of  the  dry  land. 
The  diatribution  of  the  land  ia  exceedingly  irregular,  the 
greater  portion  being  situated  in  the  northern  hemisphere, 
as  a  reference  to  a  terrestrial  globe,  or  a  map  of  the  world, 
will  clearly  demonstrate. 
In  a  geological  point  of  view,  dry  land  is  that  portion 

j  i»f  the  earth's  crust  which  is  now  above  the  level  of  the 
water,  beneath  which  it  may  again  disappear ;  and  from 
accurate  calculations  it  is  prove d^  that  the  whole  of  the 
materials  composing  the  present  land  might  be  distributed 
OFer  the  bed  of  the  ocean,  in  such  manner  that  the  surface 
of  the  globe  would  present  an  uninterrupted  sheet  of  water; 
thus  we  perceive  that  every  imaginable  distribution  of  land 
and  water  may  have  taken  place,  at  different  periodsj  in 

the  earlier  a^es  of  oiir  planet. 

6.  GeOGEAPHICAX  DISTEIBUTIO!?  of  AjgiMALS  AND  PLANTS, 

— The  investigation  of  the  laws  which  govern  the  geo- 
graphical distribution  of  animals  and  vegetables  is  highly 
interesting;  but  as  my  limits  compel  me  to  be  brief,  I  must 
refer  you  to  Mr*  Ly ell's  "  Prmciples  of  Geology ^^^  for  a  fuU 
consideration  of  the  subject.  It  will  be  sufficient  for  our  pre- 
sent purpose  to  state,  that  although  it  might  have  been 
ezpectedj  all  other  circumstances  being  equal,  that  the  same 
animals  and  plants  would  be  found  in  places  of  like  climate 
and  temperature,  this  identity  of  distribution  does  not  exist. 
Wten  America  was  first  discovered,  the  indigenous  quad- 
rupeds were  aU  dissimilar  to  those  of  the  Old  World,  The 
elephant,  rhinoceros,  hippopotamus,  giraffe,  camel,  horsey 
buffalo,  lion,  tiger,  &e*  were  not  m^t  with  on  the  new  con- 
tinent ;  while  many  of  the  American  mammalia,  as  the 
jaguaTj  qoati,  sloth,  &c,  were  unknown  in  the  old. 


*  BakeweirB  Geologj. 
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New  Holland  containsj  as  is  well  known,  a  moat  singular 
issemblage  of  mammalia,  conaiating  of  more  tlian  forty 
Bpeciea  of  marsupial  anitnab;  of  which  the  kangaroo  is  a 
familiar  example*  The  islands  of  tbe  Pacific  Ocean  possess 
no  indigenoua  quadrupeds,  except  hogs^  dogs,  rats,  and  a 
few  bats. 

The  distribution  of  vegetable  life,  though  perhaps  more 
arbitrarilj  fixed  bj  temperature  and  by  local  influences 
than  that  of  animals,  presents  many  anomalies.  Frotn 
numerous  observations,  however,  it  is  supposed  that  vege- 
table creation  took  place  in  different  centres,  each  of  which 
was  the  focus  of  a  peculiar  genus  or  species;  for  many  plants 
have  a  local  existence,  and  vegetate  naturally  in  one  district 
alone;  thus  the  cedar  of  Lebanon  is  indigenous  on  that 
mountajn,  hut  does  not  grow  spontaneously  in  any  other 
part  of  the  world.  It  is  also  ascertained  that  certain  great 
divisions  of  the  vegetable  kingdom  are  distributed  over 
particular  regions :  we  shall  have  occasion  to  refer  to  this 
subject  in  the  lecture  devoted  to  the  consideration  of  foBsjL 
plants* 

7.  Temperature  of  the  earth. — The  temperature  of 
the  surface  of  the  globe  depends  on  the  action  of  solar  light 
and  heat ;  hence  the  difference  in  the  seasons,  and  climates 
of  various  latitudes ;  but  there  are  many  causes  which 
modify  the  distribution  of  the  sun*s  influence,  and  prodnee 
great  local  variations :  nnder  eqnal  circumstances,  ht^wever, 
the  temperature  is  found  progressively  to  diminish  from 
the  equator  to  the  poles.  There  is  also  an  internal  source 
of  heat,  the  cause  of  which  has  not  yet  been  determined, 
but  is  supposed  to  be  connected  with  the  original  consti- 
tution of  our  planet.  It  has  been  ascertainedj  by  carelul  ex- 
periments, that  below  the  point  to  which  the  solar  influence 
can  penetrate,  there  is^  almost  everywhere,  an  invariable 
increase  of  temperature,  amounting  to  I*  of  Fahrenheit  for 
every  54  feet  of  vertical  depth  ;  it  is  therefore  possible  that 
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at  100  miles  beneath  the  surface  of  the  eart1i»  even  the 
lemt  fusible  vock^  and  minerals  may  be  in  a  melled  state. 

8.  Natujie  of  the  crost  of  the  GLOBE.^The  total 
thickness  of  that  portion  of  the  rocks  and  strata  accessible 
to  humajfi  observation,  reckoning  from  the  highest  mountain 
peaks  to  the  greatest  natural  or  artificial  depths,  is  yari- 
OTisly  estimated  at  from  ten  to  fifty  miles.  As  the  earth  is 
nearly  eight  thousiand  miles  in  diamefeer,  the  entire  series  of 
strata  hitherto  explored  is,  therefore,  but  very  insignificant 
compared  with  the  magnitude  of  the  globe j  bearing  about 
the  same  relative  proportion  as  the  thickness  of  this  paper 
to  an  artificial  sphere  a  loot  in  diameter;  the  inequalities 
and  crevices  in  the  varnish  of  such  a  ball  would,  in  fact, 
be  equal  in  proportionate  si^e  to  the  highest  mountains  and 
deepeat  valleys* 

The  depth  of  the  crust  of  the  earth,  and  the  greatest  ine- 
qualities of  its  surface,  as  compared  with  its  mass,  are  ex- 
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pressed  in  the  annexed  diagram,*  The  line  from  e  to  k, 
represents  a  depth  of  500  miles ;  to  the  point  sf,  100  miles  ; 
to  the  line  h  h  forty-five  miles  above  the  surface,  the  supposed 


*  To  pTCsenre  as  fiir  as  possible  the  langtiage  and  spirit  of  the 
oiipml  lectnreB^  the  feferenceii  to  the  dia^^rama  and  apecimens  are 
returned. 
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limit  of  the  eartli's  atmosphere  j  and  the  dark  line,  a,  h^  a 
tbickoess  often  miles.  The  points  i/,  e^f^  g^  indicate  the  alti- 
tude of  the  highest  mountains  in  tlie  world ;  *  tlic  depth  of 
the  sea  h  shown  hy  the  line  at  the  extremities  of  the 
liTCj  ^,  k.  As  a  thickness  of  100  miles  so  far  exceeds  that 
of  the  whole  of  the  strata  that  are  accessible  to  human 
observation  J  we  cannot  doubt  that  disturbances  of  the 
earth*s  surface,  even  to  ten  times  the  depth  of  those  which 
come  within  the  scope  of  geological  investigatioii,  may  take 
place,  without  in  anj  sensible  degree  aiFecting  the  entire 
mass  of  the  globe* f  If  these  facts  be  duly  cousidered,  the 
mind  will  be  prepared  to  receive  one  of  the  most  striking 
propositions  in  modern  geology — namely,  that  the  highest 
mountains  were  once  beneath  the  sea,  and  have  been 
raised  to  their  present  situations  by  subterranean  agency, — 
some  slowly,  others  suddenly,  but  all,  geologically  speaking, 
at  comparatively  recent  periods. 

*  The  higheBt  peak  of  the  Alps,  and  of  Europe,  is  Mont  Bknc, 
which  13  15,660  foot  above  the  level  of  the  sea— of  the  Andca,  Chim- 
boraxo,  which  ia  21,425  feet — and  of  the  HiioalayaB,  Dhwalagiri, 
estimated  at  2SjOOO  feet,  being  more  than  fire  miles  of  perpendicular 
altHiide. 

f  To  convey  a  general  idea  of  the  relatiTc  magnitude  of  the  ia- 
equal!  ties  of  the  earth's  eui^ce^  Mr.  Faxrholme  Buggests  tho  following 
mgeuioua  method*  If  we  form  a  *!cale  on  the  Rand  of  the  seashore  iu 
the  pri>portioii  of  an  inch  to  a  miie,  we  sball  have  a  circle  of  SOOO 
inches,  or  222  yards  in  diametar,  which  when  marked  out  with  small 
Rtakee,  appears  a  veiy  large  ai'oa.  Placing  ouTselvea  upon  any  part  of 
this  eircnmference,  we  have  an  opportomty  of  taking  a  just,  thongh 
microscopic,  view  of  the  surface.  The  highest  mountaim  in  the  world 
would  he  represented  by  a  little  ridge  five  inches  high  ;  the  profound 
abyfitt  of  the  ocean  by  a  groove  of  the  same  depth  ;  while  the  medium 
inequality  of  sea  and  land  would  not  exceed  one  inch*  To  form  an 
idea  <?f  smaller  objects,  we  must  examine  an  inch  scale,  finely  gradu- 
ated, by  the  aid  of  a  microscope,  and  we  shall  then  find  that  the  tallest 
man  woul4  be  about  the  890th  pari  of  an  inch  in  height — the  siae  of 
the  E^maUest  animalcule  obsen^ed  m  ^md.^,  by  the  aid  of  the  moftt 
power^l  microj&cope. 
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The  superficial  crust  of  the  globe  is  composed  of  nume- 
rous layers  and  maasea  of  earthy  substances,  of  wliich 
^various   combination.^   of  ironj   lime,   and   silex   or  flinty 
OQStitule   a  very  large   proportion  ;   the   latter  forming 
brty-five  per  cent,  of  the  whole.    Those  strata  which  have 
eea  deposited  the  latest^  bear  evident  marks  of  mechanical 
ongin,  and  are  the  water- worn  ruins  of  older  rocks  ;  a^  we 
penetrate  deeper,  deposits  of  a  denser  character  appear, 
which  also  exhibit  proofs  of  having  been  formed  by  the 
action  of  water;  but  when  we  arrive  at  the  lowermost 
accessible  to  observation,  a  crystaOine  structure  generally 
f^evails;   and  while  in    the   upper  stratified   rocks^  the 
remaias  of  animals  and  vegetables  are  found  in  profusion, 
in  the  ancient  crystalline  masses  all  traces  of  organic  forma 
are  absent. 

9*  Classification  of  bocks  anp  strata* — In  the  infancy 
of  the  science  these  remarkable  facts  gave  rise  to  an  ingenious 
theory  J  which  being  founded  on  insufficient  data,  has  proved 
untenable.  It  willj  however,  be  requisite  briefly  to  explain 
this  hypotbesia,  as  some  of  the  terms  still  employed  in  geo- 
logical  nomenclature  refer  to  the  speculations  it  suggested. 
According  to  this  theory  the  mineral  masses  composing  the 
earth's  crust,  are  separable  into  three  grand  divisions  or 
groups,  as  follow  : — 

1st,  Primitive  Eocks.  —  The  Primitive  (now  termed 
Priimirff)  rocks,  are  of  a  crystalline  strueturej  and  have 
evidently  been  brought  to  their  present  state  by  igneous 
agency;  they  comprise  granite,  sienitCj  porphyry,  &c. 
These  are  the  lowermost  rocks,  and  constitute  the  found  a - 
Ltion  on  which  all  the  newer  strata  have  been  deposited ; 
tiey  also  attain  the  highest  elevations  on  the  surface  of  the 
globe.  They  were  termed  primitive  because,  from  the 
entire  absence  of  organic  remain s^  it  was  inferred  that  they 
were  formed  before  the  creation  of  animals  and  vegetables; 
but  it  is  now  certain  that  granite  and  its  associated  rocks 
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are  of  various  ages,  and  it  is  believed  are  sedimentaiy 
deposits  which  have  been  altered  by  long  exposure  to  « 
very  high  teniperatiire. 

2d*  Trmmition  Rocks, — ^These  are  super- imposed  on  the 
primary,  are  more  or  less  distinctly  stratified,  and  contain 
the  fossilized  remains  of  animals  and  plants.  They  re^ 
ceived  the  name  of  tramifionj  because  it  was  assumed  that 
they  had  been  deposited  at  a  period  when  the  land  and  sea 
were  passing  into  a  state  fit  for  the  reception  of  organized 
beings.  Modern  researches  havej  however,  shown  that 
like  the  primary  rocks,  theae  are  strata  which  have  been 
altered  hj  the  effects  of  heat  under  great  pressure ;  henc« 
they  are  now  termed  tueiammjihic, 

3d.  Tfw  Secondary  Formatmm. — These  strata  have  ori- 
ginated, in  great  part,  from  the  destruction  of  more  ancieat 
rocks,  and  have  been  deposited  in  the  basins  of  lakes,  baySj 
and  estuaries,  and  in  the  proibund  depths  of  the  ocean, 
by  tbe  action  of  river:^  and  seas.  They  abound  in  the 
mineralized  remains  of  animals  and  plants ;  tbe  most  ancienl 
enclosing  zoophytes  and  slieHs  ;  the  next  in  antiquity  con- 
taining, in  addition,  vegetable  remains  and  fishes ;  those 
which  succeed  enveloping  not  only  fishes,  shells,  zoophytes, 
planfs,  and  insects,  but  also  bones  of  numerous  species  of 
extinct  marine  and  terrestrial  reptiles,  and  of  birds,  and  of 
a  few  genera  of  mammalia.  The  Chalk  is  the  nppermosl, 
or  most  recent  of  this  class.  As  the  secondary  rocks  havft 
manifeEtly  been  formed  by  the  agency  of  water,  it  is  clear 
that  tliey  were  originally  deposited  in  liorizontal,  or  nearly 
horizontal  layers  or  strata,  although  by  far  the  greater 
portion  has  since  been  broken  up,  and  thrown  in  directions 
more  or  less  inclined  to  the  liorimn. 

For  the  convenience  of  study,  this  subdivision  of  the 
rocks  ia  still  retained,  as  will  hereafter  be  shown.  To  the 
above  groups  modern  geologists  have  added  two  others, 
namely,  the  Tertmvy^  and  the  AUumal  BejMmh. 
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4th.  Tfte  Tertiary  Strata. — These  strata  lie  upon^  and 

fill  up^  depressions  or  basins  of  the  chalk,  and  other  secondary 
rocks  J  they  consist  of  the  detritus  of  more  ancient  beda,  and 
of  the  relica  of  sheila,  plants,  zoophytes,  crastacea,  fishes, 
he,  I  and  in  them,  with  bat  one  exception,  the  bonee  of 
mammalia  first  appear. 

5th.  AUuvitii  Deposits.* — ^Of  a  later  formation  than  the 
tertiary,  ai'e  those  irregiilar  accumulations  of  aUnvial  or 
water- worn  and  drifted  materialsj  wbicli  are  spread  over 
the  surface  of  almost  every  country*  In  the  newest  of  these 
beds  are  found  remains  of  existing  races  of  animals  and 
plants,  which,  in  the  most  ancient,  are  associated  with  those 
of  extinct  genera  and  species. 

Even  this  slight  examination  of  the  strata  affords  con- 
vincing proofs  of  a  former  condition  of  animated  nature, 
widely  different  from  the  present*  We  have  evidence  of  a 
succesaiou  of  periods  of  unknown  duration,  in  which  both 
the  land  and  the  sea  teemed  with  forms  of  existence  that 
have  successively  disappeared  and  given  place  to  others  ; 
and  these  again  to  new  races,  more  nearly  related  to  those 
which  now  inhabit  the  earth,  till  at  length  traces  of  existing 
species  appear* 

10.  Geological  mutations, — From  this  view  of  the 
mineral  structure  of  our  planet  we  learn,  at  least  so  far  as 
the  limited  powers  of  man  can  penetrate  into  the  history  of 
the  past,  that  the  distribution  of  land  and  water  on  the 
earth's  surface  has  been  undergoing  perpetual  mutation  ; 
yet,  that  through  a  vast  period  of  time,  its  physical  condition 
has  not  materially  differed  from  the  present.  We  find  that 
the  dry  land  has  been  clothed  with  vegetation,  and  tenanted 
hy  appropriate  inhabitants  j   and  that  the  seas  and  the 


^^*  The  term  dUuvial  ie  commonly  employed  to  denote  the  moat 
&ndoat  of  theae  depo^ita,  and  that  of  cUluvitd  ibe  more  recant^  in 
wUch  eating  «p^m  of  animala  only  oeisur. 
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rivers  and  lakes  of  fresh  water  Imve  a  warmed  with  lining 
thinga  ;  that  at  remote  epochs,  thaugh  animalB  and  vege- 
tables existed,  the  species  were  distinct  irom  those  that 
now  abound,  and  the  greater  number  fitted  to  live  in  a 
different  climate  than  that  which  now  prevails  in  the  regions 
where  these  relics  are  entombed ;  and  laatij,  that  iu  the 
lowest  aad  most  ancient  beds,  all  traces  of  mechanical  action, 
and  of  animal  and  vegetable  organiisalion,  are  absent ;  in 
other  words,  have  either  never  existed,  or  have  been  allo- 
getker  obliterated* 

IL  Connexion  of  geology  with  astronomy.— 
Before  entering  upon  that  department  of  the  subject  to 
which  the  term  Geologj  is  commonly  restricted,  it  will 
facilitate  our  comprehension  of  many  of  the  plienoineau 
that  will  come  under  our  notice,  if  in  this  place  we 
endeavour  to  jienctrate  the  mjstcry  that  veils  the  earlieit 
condition  of  the  earth  ;  but  thli  we  shall  in  vain  attempt, 
if  we  restrict  our  observations  to  the  physical  pheDomena 
observable  in  our  own  planet*  Here  Geology  leads  to 
Astronomy,  and  teaches  us  to  contemplate  the  kindred 
spheres  around  us  for  the  elucidation  of  the  early  history 
of  the  globe,  and  to  regard  the  earth  but  as  an  attendant 
satellite  on  a  vast  central  luminary*  The  solar  system 
eonsbts  of  the  sun,  which  is  a  mass  of  solid  matter  sur* 
rounded  by  a  luminous  atmosphere,  or  nebulosity ;  of 
twelve  planets,  which  revolve  around  it  in  various  periods ; 
of  eighteen  satellites  j  and  of  numerous  comets,  three  of 
which  do  not  pass  beyond  the  orbits  of  the  principal 
planets.  The  earth  is  the  third  in  distance  from  the  sun, 
and  in  bulk,  as  compared  with  that  body,  of  the  size  of  a 
pea  to  that  of  a  globe  two  feet  in  diameter  j  and  it  has  a 
sateilitCj  the  moon,  which  revolves  round  it* 

Upon  examining  the  moon  with  a  powerful  telescope,  we 
perceive  that  its  surface  is  diversified  by  hills  and  valleySj 
and  presents  a  congeries  of  mountains,  many  of  which  are 
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manifestly  volcanic,  lava  currents  being  distinctly  visible. 
We  see  in  fact  a  torn,  nigged^  sterile  area,  etudded  with 


Lias.  3.— TftXiEicoFic  viBir  of  the  woof. 

craters,  and  scarred  by  rents  and  chasms^  and  having  such 
an  aspect  aa  we  may  conceive  v^ouM  he  presented  by  our 
earth,  were  the  pinnacles  of  the  granite  mountains  im- 
abradedj  and  the  valleys  bare,  and  not  covered  and  partially 
filled  up  by  sedimentary  deposits**  But  theru  is  no  evi- 
dence of  the  presence  of  either  air  or  water  in  the  moon. 

12.     NEBULAli    TllEORT    OF     THE    UKIVERSE.  —  In    the 

original  condition  of  the  solar  system,  it  is  supposed  that 
the  sun  was  the  nucleus  of  a  nebuloskyj  or  luminous  mass, 
which  revolved  on  its  axi&j  and  extended  far  beyond  the 


•  See  Appuadix  A, 
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orbit  of  the  moat  die  tan  t  of  the  planets  ;  these  bodies  haviDg 
then  no  existence.  Its  temperature  gradually  djminBhed, 
and  contracting  hy  refrigeration,  the  rotation  increiised  in 
rapidity,  and  zones ^f  nebulosity  were  successively  thrown 
off,  in  consequence  of  the  centrifugal  force  overpowering 
the  central  attraction :  the  condensation  of  these  separated 
masses  constituted  the  planets  and  satellites*  Thi^  yiew  of 
the  conTCraion  of  gaseous  matter  into  planetary  bodies  ii 
not  Umited  to  our  own  system  ;  it  extends  to  the  formation 
of  the  innumerable  suns  and  worlds  which  are  distributed 
throughout  the  Universe  ;  for  the  discoveries  of  modem 
astronomers  have  shown,  that  every  part  of  the  realms  of 
space  abounds  in  large  expansions  of  attenuated  matteTj 
(termed  nebuU^i)  which  are  irregularly  reflective  of  Ugh!^ 
and  of  various  figures,  and  in  different  states  of  conden- 
sation, from  that  of  a  diffused  luminous  mass,  to  suns  and 
planets  like  the  eartlu 

It  must  be  admitted  that  this  hypothesis  is  astounding, — 
and  we  may  well  demand  if  man,  the  ephemeron  of  the 
material  worlds  can  indeed  measure  the  vast  epochs  which 
mark  the  progressive  development  of  suns  and  systems? 
The  master  minds  of  Laplace  and  Herschel  have  effected 
this  wonderful  achievement^  and  explained  the  auccesaive 
changes  by  which  it  seems  probable  that  suns  and  planetary 
systems  are  formedj  through  the  agency  of  the  sublime 
laws  of  the  Eternal.  By  laborious  and  unremitting  ob- 
servations, those  illustrious  philosophers  have  demon- 
Btrated  the  progress  of  nebular  condensation,  not  indeed 
from  the  appearances  presented  by  a  single  nebula,  (for  th« 
process,  probably,  can  only  become  sensible  tlirough  the 
lapse  of  ages,)  but  by  observations  on  the  almost  endlesa 
aeries  of  related  contemporaneous  objects  that  appear  ia 
every  varied  state  of  progression,  from  that  of  a  cloud  of 
luminous  vapour,  to  the  most  dense  and  mighty  orbs  thai 
appear  in  the  firmament^    As  the  naturalist  in  the  midst  of  t 
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forestj  though  unable  by  a  glance  to  discover  that  the  trees 
around  him  are  in  a  state  of  progreasive  change,  y€t  per- 
ceiving that  there  are  plants  in  diflenent  stages  of  growth, 
frona  the  acorn  just  bursting  from  the  soil  to  the  lofty  oak 
that  stands  the  monarch  of  the  woods,  infers,  from  the 
succession  of  changes  thua  at  once  presented  to  his  view, 
the  progression  of  vegetable  life,  though  extending  over 
a  period  far  beyond  his  own  brief  existence  ;^in  like 
iiiannt;rj  the  astronoraer,  by  surveying  tlie  varied  conditions 
of  the  heavenly  bodies  around  him,  can,  by  careful  induc- 
tion,  deterniine  the  nature  of  those  changes,  which,  as* 


LtoWh  C— TELMci0?ia  ArrEkRAvvv.  or  vkntova  THKintm. 


wgards  a  single  nebula,  the  human  mind  would  otherwise 

he  ufialde  to  ascertain*     And  thua  have  been  traced  from 

uebular  masses  of  absolute  vagueness,  to  others  which  pre- 

tni  form  and  structure,  the  effects  of  the  mysterious  law 
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whicli  appears  to  govern  the  stupendous  celestial  plienomena 
that  are  constantlj  taking  place,* 

13.  yAKiotra  STATES  OP  THE  NEBULA* — Some  of  tEe 
nebulEe  appear  as  mere  clouds  of  attenuated  light — others 
as  if  curdling  into  separate  masses — while  many  seem 
iissuming  a  spheroidal  figure.  Others  again  present  a 
dense  central  nucleus  surrounded  hj  a  luminous  halo;  and 
a  series  may  thus  be  traced,  trom  eluaters  of  round  bodies 
with  one  or  more  increased  points  of  condensation^  or  of 
central  illumination^  to  separate  nebulie  with  single  nuclei^ 
and  with  rings,  to  a  central  disk  constituting  a  nebuJar 
Btar ;  and  finally  to  an  orb  of  light  with  a  halo  like  the 
sun  i 

In  the  comets,  those  nebular  bodies  which  belong  to  our 
own  and  other  system Sj  we  have  evidence  that  even  in  the 
moat  diffused  state  of  the  luminous  raatterj  the  masses 
which  it  forms  are  subservient  to  the  laws  of  orbicular 
motion  :  of  this  fact  au  interesting  proof  is  afforded  by 
Encke'a  comet  {Lt/jn,  5),  that  mere  wisp  of  vapour^  which  in 
a  period  but  little  exceeding  three  years,  revolves  around 
the  central  luminary  of  our  system. 

This  beautiful  theory  of  Laplace,  and  of  Herschel, 
explains  by  an  easy  and  evident  process  the  formation  of 
planets  and  satellites,  and  accounts  for  the  oniform  direction 
of  their  revolutions  j  and  not  only  is  it  inferred  that  such 
IS  the  law  which  the  Creator  has  established  for  the  main- 
tenance and  government  of  the  Universe,  but  also  that  upon 
mechanical  principles,  such  nebuke  must  of  necessity  con- 
solidate into  planetary  bodies. 

•  Although  by  the  enormouB  powers  of  the  teloBcope  conBtmcted 
by  the  Earl  of  Rosse,  it  has  been  aacertained  that  ftevera!  of  Herschers 
nebulae  are  clusters  of  stam,  and  ifc  is  therefore  probabb  tU»t  other 
H apposed  nebular  mai^ifiee  may  be  brought  into  the  Bame  category^  the 
theory  explained  in  the  text  will  only  \m  modified,  not  disproved 
thereby. 
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14.  Formation  op  the  solar  8tsteh» — In  accoitlance 
ith  tMs  hypothesis  our  etin  is  regarded  as  a  planetary  orb 


with  a  luminous  atmoflphere,  the  central  nucleus  of  a  nebu- 
losity which  originally  extended  to  the  extreme  verge  of 
our  planetary  system.  During  the  condensation  of  this 
nebula  the  planets  were  successively  tlirown  off;  the  most 
distant,  Neptune,  being  the  first  or  most  ancient,  followed 
by  UranuSj  Saturn,  Jupiter,  the  five  asteroids,  Maiis^  the 
Earth,  Venus,  and  Mercury  ;  the  satellites,  as  distinct 
worlds,  beiog  the  most  recent  of  the  whole*  It  is  inferred, 
that  in  any  given  state  of  the  rotating  solar  mass,  the  outer 
portion  or  ring  might  have  its  centrifugal  force  exactly 
balanced  by  gravity  ;  but  increased  rotation  would  throw 
off  that  ring,  which  might  sometimes  retain  its  figure,  of 
which  we  have  a  striking  example  in  Saturn,  and  also  in 
tie  oewly-discovered  planet  Neptune.     Thia  result,  Vicwf- 
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ever,  could  not  take  place  unless  the  annular  band  were  of 

uniform  composition,  which  would   rarelj  be  the  ease; 


LlCH^  B^— T£l.EiC:OPJ{     VIEW   OF    BATUllN. 

hence  the  ring  wouH  most  generallj  divide  into  aeveial 
portiouBj  which  might  sometimes  be  of  nearly  equal  bulk, 
as  in  the  Asteroids^  while  in  others  they  miglit  coalesce  into 
a  single  mass.  Tlie  solar  nebulse,  thus  separated  at  various 
periods,  and  constituting  planets  in  a  gaseous  state^  would 
necessarily  have  a  rotatory  motion,  and  revolve  in  vaiying 
orbits  around  the  central  nucleus ;  and  as  refrigeration  and 
consolidation  pToceeded,  each  body  might  project  entire 
annuH  or  rings,  and  satellites,  in  like  maimer  as  the  sun 
had  tlirown  off  the  planets  themselves. 

In  addition  to  the  appearance  of  various  states  of  attenu- 
ation and  of  solidity  presented  by  the  nebulse,  the  orbs  of 
our  own  system  afford  evidence  of  corresponding  gradationft 
of  density.  The  planets  near  to  the  sun  are  denser  than 
those  which  are  more  distant ;  thus  Mercury,  which  h  the 
nearest^  is  the  heaviest,  being  almost  thrice  as  dense  as  the 
earth ;  while  the  density  of  Jupiter,  which  is  far  removed^ 
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m  otdy  one-tliird  that  of  our  plana t ;  and  Saturn^  wbichf 
with  the  exception  of  Uranus  and  Neptune,  ia  the  remotest, 
b  but  little  more  than  oBe-elglith  m  dense,  and  is  supposed 
to  be  as  light  as  cork** 

You  will  at  once  perceive  that  this  theory  can  in  no 
wise  affect  the  sublime  truth  that  the  Universe  ii  the  work 
of  an  all-wise  and  omnipotent  Creator ;  *'  For  let  it  he  as- 
sumed that  the  point  to  whicli  this  hypothesis  leads  us,  is 
the  ultimate  boundary  of  physical  science — -that  the  nearest 
glimpse  we  can  attain  of  the  material  universe,  displays  it 
to  us  OS  occupied  by  a  boundless  abyss  of  attenuated  matter ; 
still  we  are  left  to  inquire  how  space  became  thua  occupied 
— whence  originated  matter  thus  luminous  ?  And  if  we 
are  able  to  establish  by  physical  proofs,  that  the  first  fact 
which  the  human  mind  can  trace  in  the  history  of  the 
heavens  i^  that  *  there  was  li0htt  we  are  irreeistibly  led  to 
the  conclusion,  that  ere  this  could  take  place,  '  Goi>  said, 
Let  there  6e%Af;"t 

This  theory  of  the  condensation  of  nebular  matter  into 
suns  and  worlds,  marveHous  aa  it  may  appear,  wiU  be  found 
on  due  reflection  to  suggest  the  only  rational  explajiation 
of  the  phenomena  observable  in  the  sidereal  heavens^  and 
in  our  own  globe,  according  to  the  present  state  of  the  physi- 
cal sciences  ;  while  its  beautiful  simplicity  is  in  correspon- 
dence with  the  unity  of  design  so  manifest  throughout  tho 
works  of  the  Eternal.l 

*  Introduction  to  Astronomy,  by  Sir  J.  F.  W.  HerseheL  Those 
mho  feel  desixoiis  of  moi^  ample  infornrntion  on  this  subjoctj  Khoold 
eonsalt  *'  Vi^ws  of  the  Ardiiledure  of  the  HeavenUi''  by  Dr.  Nichol, 
Profeeaor  of  Practical  Afitionomy  in  the  Umverflity  of  Glaflgow. 

f  Professor  WhewelL 

%  Dr*Pye  Smith,  in  hia  able commeatarieB  on  the  "Relation  between 
Scriptiire  and  Geological  Science,**  hsB  the  following  remarks  upon  thia 
snbjecU  "  Th©  nebular  hypotlieaiB,  ridiculed  as  it  has  been  by  personi 
whose  ignorance  cannot  excuse  their  ptOBumption^  is  regarded  by  Bome 
of  the  finaat  and  moat  Christian  minda  aa  in  the  hSghest  degree  pro- 
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15.  Gabeotts  state  of  the  eabth* — Though  it  maybs 
difficult  to  the  unscientiJic  iuqoirer  to  comprehend  that  ou*. 
planet  oace  existed  in  a  gaseous  statei  this  difficultj  willi 
vanish  upon  considering  the  nature  of  the  changes  to  whichJ 
all  the  materials  composing  the  earth  are  constantly  sub 
jeeted*     Water  offers  a  familiar  example  of  a  suhstanoc^ 
existing  on  the  surface  of  the  globe,  in  the  separate  states  ol 
rock,  fluids  and  vapour ;  for  water  consolidated  into  ice  is 
much  a  rock  as  granite  or  the  adamantj  and,  as  we  shall 
hereafter  have  occasion  to  remark,  has  the  power  of  pre- 
serving for  an  indefinite  period  the  remains  of  any  animaJl 
and  vegetables  imbedded  therein.     Yet  simply  upoo  an  in* 
crease  of  temperature,  the  glaciers  of  the  Alps,  and  the  icy 
pinnacles  of  the  Arctic  circles,  disappear ;   and  by  a  degres 
of  heat  still  higher,  would  be  resolved  into  vapour  ;  and  by 
other  agencies  might  be  separated  into  two  invisible  ga^ea 


bablc,  Tf  I  may  ycntnre  to  alter  mj  ovn  ImpreBsion,  I  must  pro^H 
it  as  the  most  reasonable  supposition,  and  th&  correlate  of  the  nebnlar 
theoiyi  that  God  originally  gave  being  to  tbe  primordial  element*  of 
things,  the  veiy  BmaU  ntimbeT  of  simple  bodiea^  endowing  each  withi 
ita  own  wonderful  properties.  Then^  that  the  actions  of  those  properties 
in  the  ways  TrMch  Ma  wisdom  ordained  and  which  we  call  laws,  pr^ 
duced,  and  m  still  prodacing^  all  tho  forma  aad  changes  of  organic  and 
iaorgaaic  natoro ;  and  that  the  series  is  destined  to  proceed,  in  com-' 
binations  and  multiplieationa  ever  new,  without  limit  of  spaco  or  eod' 
of  duration,  to  the  eternal  display  of  Hia  glory/* 

These  remarks  may  bo  regaj-ded  as  a  philosophical  enunciation  of 
the  hypothesis  that  has  been  termed  ^^  organic  creation  &^  law,^*  or  the 
formation  of  llTing  beiugR  from  inorgamc  ^elements.  But  this  theory  is 
notj  at  prcaenlj  substantiated,  nor  even  sanctioned,  by  any  nnequivocal' 
evidence  :  and  this  absence  of  all  proof  appears  to  me  the  serioiiB  and 
only  legitimate  objection  to  the  reception  of  a  doctrine  which  wooJd 
eiphiia  many  obscure  phj'aiologi^  phenomena,  and  bring  the  laws  of 
vitality  into  harmony  -with  those  which  preside  over  the  inorganic 
kingdom  of  nature.  See  the  Appendix  to  my  ''  Thoughts  on  A  nimal-  ^ 
ad€sf  and  Westminster  Review,  No,  XC.,  article  **  Eeveiations  qf  the  \ 
Microscope," 
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oxygen  aod  hjdrogea.  Metals  may  in  like  manner  be 
converted  into  gmes ;  and  in  the  laboratory  of  the  chemiflt, 
aE  kinds  of  matter  easily  paas  through  every  grade  of 
transmutation,  from  the  most  dense  and  compact  to  an 
aeriform  atate,  We  canQotj  therefore,  refuse  our  assent 
to  the  conclusion,  that  merely  by  the  dissolution  of  the 
existing  combinations  of  matter,  the  entire  masa  of 
oar  globe  might  pass  into  a  gaseous  or  nebular  condi- 
tion, 

16,  CrEOLOGT  Et.tfcii>ATED  EV  A&TROifOMY. — From  the 
itght  thus  shed  by  modem  Astronomy  upon  many  of  the 
^k  and  mysterious  pages  of  the  earth^s  physical  history, 
It  appears  probable  that  the  dynamical  changes  which  have 
taken  place  in  our  globe — aU  the  transmutations  of  its 
crust  reTealed  by  geological  investigations — may  be  refer- 
able to  the  operation  of  the  on^  gimplcj  and  universal 
law,  by  which  the  condensation  of  nebular  masses  into 
-worlds^  through  periods  of  time  so  immense  as  to  be  beyond 
the  power  of  human  comprehension,  is  governed. 

The  internal  heat  of  the  globe — the  evidence  afforded  by 
the  crystalline  condition  of  the  lowermost  rocks  of  a  pre- 
vailing higher  temperature  in  an  eai-lier  state  of  the  earth — 
and  the  elevations  and  dislocations  of  its  crust  which  have 
taken  place,  and  are  still  going  on — all  refer  to  such  an 
origin,  and  to  such  a  constitution  of  our  planet^  as  that 
contemplated  by  the  nebular  theory.  Nor  is  the  elevatory 
process  peculiar  to  the  earth,  for  VenuSj  Mercury,  and  the 
moon^  exhibit  evidence  of  a  similar  action  ;  and  in  the  two 
former  the  mountains  are  of  an  enormous  altitude.*  In  a 
philosophical  point  of  view,  the  present  physical  epoch  of 
our  globe  "  is  that  of  the  iiuidity  of  water,  which  is  the 
nebulous  bed  or  stratum  last  condensed^  and  which  exerts 


is  subject  is  ably  treated  in  Sir  H.  de  la  Beche'ji  "  Reaearchea 
icoretical  Qeologj." 
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mechanical  and  clicsmical  action  upon  the  previougly  con- 
aolidated  materials/'  * 

17.  Aerolites  » — Intimately  connected  with  this  di- 
vision of  the  subject,  ia  the  remarkable  fact  of  the  fall  of 
foreign  bodies,  called  aerohtes,  or  meteoric  stonea,  from 
the  atmosphere*  The  specimen  before  us,  for  which  I  m 
indebted  to  Professor  Silliman,  is  a  fragment  of  a  mass 
which  fell  at  Nanjenoy,  in  Maryland,  North  America,  a 
few  years  since*  The  following  description  of  its  descend 
by  an  eye- witness,  will  serve  to  iUaatrate  the  ordinaiy 
phenomena  which  attend  the  appearance  of  these  mysterious 
visitors,  t 

"  On  the  10th  of  February,  between  the  hours  of  twehe 
and  one  o'clock,  I  heard  an  explosion,  as  I  supposed  of  ft 
cannon,  but  somewhat  sharper,  I  immediately  advanced 
with  a  quick  step  about  twenty  paces,  when  my  attention 
was  arrested  by  a  buzzing  noiscj  as  if  something  was  mak- 
ing over  my  head,  and  in  a  ffiw  seconds  I  heard  something 
fall.  The  time  which  elapsed  from  my  first  hearing  tl« 
report  to  the  fulling,  might  have  been  fifteen  seconds,  I 
then  went  with  somo  of  my  servants  to  ascertain  where  it 
had  ftdlen,  but  did  not  at  first  succeed ;  however,  in  a  shcflt 
time  the  place  was  found  by  my  cook,  who  dug  down  to 
the  stone,  which  was  discovered  about  two  feet  below  the 
surface.  It  was  sensibly  warm,  and  had  a  sulphurous  smell  i 
was  of  an  oblong  shape,  and  weighed  sixteen  pounds  and 
seven  ounces  ;  it  had  a  hard  vitreous  surface.  I  have  con* 
versed  with  many  persons,  living  over  an  extent  of  perhaps 
fifty  miles  square:  some  heard  the  explosion,  while  others 
noticed  only  the  subsequent  whizzing  noise  in  the  air  ;  all 
agree  in  stating  that  the  sound  appeared  directly  over  their 
heads.  The  day  was  perfectly  fine  and  clear.  There  wis 
but  one  report  heard,  and  but  one  stone  fell,  to  mj  know- 
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*e ;  tbere  was  no  peculiar  smell  in  the  air :  it  fell  within 
50  yards  of  my  house/'* 
IB,   Orioin   of   a£EOLITES. — MrSi  SomerYille  has  the 
Ibllowiiig  interesting  remarks  on  tliis  suhjcct  :■ — "  So  nu- 
merous are  the  objects  whick  meet  our  view  in  the  heavens, 
tliat  we  cannot  imagine  a  part  of  space  where  some  light 
wotild  not  strike  the  eye ;  innumerable  stars — thousands  of 
double  and  multiple  systems — clusters  in  one  blaz^e  with 
tlieir  ten  thousands  of  stars^and  the  nebulje  amazing  us 
bj  the  strangeness  of  their  forms  ;  till  at  last,  from  the  im- 
perfection of  our  senses,  even  these  thin  and  airy  phantoms 
vanish  in  the  distance*     If  such  remote  bodies  shone  by 
reflected  light,  we  should  be  unconscious  of  their  existence; 
each  star  must  then  be  a  sun,  and  may  be  presumed  to  have 
its  system  of  planets,  satellites,  and  eomets,  like  our  own ; 
and  for  aught  we  know,  myriads  of  bodies  may  be  wander- 
ing in  space,  unseen  by  us,  of  whose  nature  we  can  form 
no  idea,  and  still  less  of  the  part  they  perform  in  the 
economy  of  the  universe.     Nor  is  this   an   unwarranted 
presujnption :  many  such  do  come  within  the  sphere  of  the 
earth's  attraction,  are  ignited  by  the  velocity  with  which 
they  pass  through  the  atmospiicre,  and  are  precipitated 
with  great  violence  to  the  earths     The  fall  of  meteoric 
stones  is  much  more  frequent  than  is  generally  believed : 
hardly  a  year  passes  without  some  instances  occurring ; 
and  il"  it  be  considered  that  only  a  small  part  of  the  earth 
is  inhabited,  it  may  be  presumed  that  numbers  fall  into  the 
ocean,  or  on  the  parts  of  the  land  uninhabited  by  civilized 
man, The  obliquity  and  velocity  of  the  descent  of  mete- 
orites, the  peculiar  substances  of  which  they  are  composed, 
and  the  explosion  attending  their  fall,  show  that  they  are 

^'*  An  anaJjrsig  of  this  meteorite  gave  the  following  resalts  i— Oxide 
of  Iron,  24  ;  Oxide  of  Nickd^  L25 ;  Silka  mlk  eaiiJttj  jmtter^  3.46  ; 
Sutphurf  a  trace j'  =  23.7L 
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foreign  to  our  planet.  Luminous  spots,  altogether  inde- 
pendent of  the  phases,  have  been  seen  on  the  dark  parts  of 
the  moon ;  these  appear  to  be  the  light  arising  from  the 
eruption  of  volcanoes  ;  whence  it  has  been  supposed  that 
meteorites  have  been  projected  from  the  moon  by  the  im- 
petus of  volcanic  eruption.  For  if  a  stone  were  projected 
from  our  satellite  in  a  vertical  line,  with  an  initial  velocity 
of  10,992  feet  in  a  second — ^a  velocity  but  four  times  that  of 
a  ball  when  first  discharged  from  a  cannon — instead  of  fall-» 
ing  back  to  the  moon  by  the  influence  of  gravity,  it  would 
come  within  the  sphere  of  the  earth's  attraction,  and  revolve 
around  it  These  bodies,  impelled  either  by  the  direction 
of  the  primitive  impulse,  or  by  the  disturbing  action  of  the 
sun,  might  ultimately  penetrate  the  earth's  atmosphere  and 
arrive  at  its  surface.  But  from  whatever  source  meteoric 
stones  may  come,  it  is  highly  probable  that  they  have  a 
common  origin,  from  the  uniformity,  we  may  almost  say 
identity,  of  their  composition."* 

These  masses  present  a  general  correspondence  in  their, 
chemical  composition  and  appearance,  having  (with  the 
exception  of  native  iron)  a  crystalline  character  internally, 
and  externally  a  black  slaggy  crust,  as  in  this  specimen 
from  Nanjenoy. 

Obers  states  that  aerolites  have  been  found  in  tertiary 
and  secondary  strata ;  if  so,  we  must  conclude  that  before 
the  last  arrangement  of  the  earth's  surface,  meteoric  stones 
had  fallen  upon  it. 

Baron  Humboldt  observes  that  aerolites  afford  the  only 
direct  experimental  knowledge  we  possess  of  any  of  the 
specific  properties  or  qualities  of  matter  not  belonging  to 
our  globe.  "  Their  direction  and  enormous  velocity  of 
projection  (a  velocity  wholly  planetary)  render  it  more 
than  probable,  that  these  masses,  enveloped  in  vapours  and 

*  Connexion  of  the  Phjaical  Sciences/  p.  423^  4th  edition. 
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reaching  the  eartli  in  a  high  state  of  temperature,  are  small 
heavenly  bodies  wMch  the  attraction  of  our  planet  has 
caused  to  deviate  from  their  previous  path.     The  aspect  so 
iliar  to  us  of  these  aerolites,  and  the  analogy  which  their 
imposition  presents  to  minerals  contained  in  the  crust  of 
!he  earth,  is  very  etriking*     The  inference  to  which  they 
int  appears  to  me  to  be*  that  the  planetary  and  other 
asses  were  agglomerated  in  rings  of  vapour,  and  after- 
ards  in  spheroid8,  nnder  the  influence  of  a  central  body ; 
d  that  being  originally  integral  parts  of  the  same  sya- 
m,  they  consist  of  substances  chemically  identical/'* 
19.  Ejosxma   geological    agents,  ^ — Assuming   then 
lliat  our  planet,  when  first  called  into  being  by  the  fiat 
of  the  Creatorj  was  a  gaseous  mass,  "  without  form  and 
void,"  and  destined  through  indefinite  ages  to  undergo  mu- 
tations which  ultimately  rendered  it  a  fit  abode  for  man 
and  the  animals  which  are  his  contemporaries,  we  proceed 
to  investigate  the  natnre  and  effects  of  the  agencies  by 
hi  eh  its  surface  is  still  modified. 

In  this  division  of  the  subject  it  will  be  my  object  to 
explain  in  a  clear  and  familiar  manner  some  of  those 
physical  changes  which,  nnhoeded  or  unappreciated,  are 
king  place  around  us  ;  but  which,  opemting  on  a  Jarge 
le,  and  through  a  long  period  of  time,  are  capable  of 
Todueing  effects  that  materially  modify  the  earth's  surface, 
and  give  rise  to  results  which,  when  viewed  in  the  aggre- 
ate,  fill  the  uninformed  mind  ivith  astonishment,  and  lead 
to  call  up  imaginary  convulsions  and  catastrophes  to 
explain  the  result  of  some  of  the  most  ordinary  operations 
of  nature.  As  the  simple  lines  that  compose  the  alphabet 
constitute,  when  placed  in  combination,  the  mighty  engine 
by  which  the  master  spirits  of  our  race  enlighten  and 


♦  CcwKO*/  a  9ket<!h  of  a  Phj^ic^  Bescriptioti  of  the  UniveTae,  by 
iron  Humboldt;  CoL  Sabine'^  traaslatioa. 
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benefit  mankind,  so  natural  procefises*  in  themselves  appa- 
rently inadequate  to  produce  any  hup  or  taut  effects,  become, 
by  their  combined  and  continued  operation,  an  irresistible 
power,  by  wliicb  tbe  dry  land  is  converted  into  the  bed  of 
the  ocean,  and  the  bed  of  the  ocean  into  dry  land  ;  tiiu5 
fulfiUing  the  universal  law  of  nature,  which  subjects  eveiy 
particle  of  matter  to  incessant  change. 

Before  proceeding  farther  in  this  inquiry,  I  would  notice 
an  opinion  J  eo  generally  prevalent  that  it  may  possibly  be 
entertained  by  some  of  my  readers,  namely,  that  the  phenD* 
mena  which  will  come  under  our  consideration,  have  been 
occasioned  by  the  deluge  recorded  in  Scripture,  But  what- 
ever may  have  been  the  modifications  of  the  earth's  surface 
produced  by  that  catastrophe,  they  must  on  the  preseat 
occasion  be  wholly  excluded  from  our  consideration,  for 
the  changes  to  which  geological  inquiries  relate  are  of  a 
totally  different  character,  and  referable  to  periods  lon| 
antecedent  to  that  miraculous  event,. 

I  have  now  to  direct  your  attention  to  certain  natural 
operations  which,  wlien  properly  investigated,  will  afford 
an  easy  explanation  of  facts  of  the  highest  interest  and 
importance,  which  present  themselves  at  the  fi.rst  step  we 
take  in  our  inquiry ;  will  teach  us  how  this  limestone  baa 
been  formed  of  brittle  shells,  and  tliis  marble  filled  with 
the  coral  to  which  it  owes  its  beautiful  markings  ^ — how 
wood  has  been  changed  into  &t one,  and  plants  and  fishes 
have  become  inclosed  in  the  solid  rock.  I  have  to  explain 
to  you  that  the  ground  on  which  we  stand  was  not  always 
dry  land,  but  once  constituted  the  bed  of  the  sea — that  the 
hills,  now  so  smooth  and  rounded ^  and  clothed  with  verdure, 
have  been  formed  in  the  profound  deptlis  of  the  ocean,  and 
may  be  regarded  as  vast  tumuli,  in  which  the  remains  of 
beings  that  lived  and  died  in  the  early  ages  of  the  globe  are 
entombed ; — and  that  the  wealds  of  Kent  and  Sussex,  those 
rich  and  cultivated  districts  which  fill  up  the  area  betwem 
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the  cljalk  hj^  of  Susaex,  Surrey,  Kent,  and  Hampshire, 
were  onee  the  delta  of  a  riverj  that  flowed  through  a 
mintry  which  is  now  swept  from  the  face  of  the  earth — a 
coautry  more  marvel  Lous  than  any  that  even  romaoce  or 
(Njetry  has  ventured  to  portray* 

20,  Aqueous  agenott  :  the  effects  op  streaiis  akd 
aivERS* — The  operations  we  have  now  to  consider  are 
produced  by  a  substance^  the  most  abundant  in  nature^  and 
\iitli  the  properlies  of  which  we  are  so  famihar,  that  we 
bot  little  appreciate  the  marvellous  phenomena  thcj  prestent. 
This  substance — which  in  one  state  constitutes  vast  islands 
and  continentSj  forming  masses  that  rival  in  transparency 
and  brightness  the  rock  crystal  or  the  diamond,  and  are  more 
darabie  than  granite,  and  so  sterile  as  to  alford  uo  suste- 
nance,  even  to  the  simplest  forms  of  vitality^ — in  another 
condition  is  invisible,  and  separates  into  two  gases,  which 
supply  heat  and  light  to  organic  bodies  ;^  in  a  third  state 
it  exists  as  an  clastic  vapour,  which  yields  to  man  a  power 
fiir  surpassing  that  of  the  fabled  wand  of  the  magicianj 
enabling  him  to  cross  the  ocean  in  spite  of  the  elements, 
and  traverse  the  land  wiih  a  rapidity  exceeding  that  of  any 
other  animal  ;^and  lastly,  it  appears  as  a  fluid  which  is  the 
essential  support  of  animal  and  vegetable  bfe,  and  covers  a 
large  portion  of  the  surface  of  our  globe  ;  affording  in  its 
profound  abysses  a  habitation  for  the  most  colossal  of  ex- 
isting animals,  and  containing  in  each  drop  myriads  of 
;hc  minutest  beings  which  the  aided  eye  of  man  is  able  to 
lescry ! — such  are  the  wonderful  properties  of  tiie  substance 
that,  in  its  fluid  state,  we  term  watery  and  the  geological 
effects  of  which  we  now  proceed  to  examine. 

In  pursuance  of  this  object,  we  will  first  notice  the 
langes  produced  on  the  surface  of  the  land  by  the  agency 
f  streams  and  rivers*     I  need  not  dwell  on  those  meteoro- 
logical causes  by  which  the  descent  of  moisture  on  the 
surface  of  the  earth  is  regulated  ;  but  will  merely  observe, 
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that  rivers  are  the  great  natural  outlets  bj  which  the  «u per- 
il u  on  s  moisture  of  the  land  is  conveyed  into  the  grand 
reservoir,  the  ocean*     And  so  es:actly  is  the  balance  of 
expenditure  and  supply  maintained,  that  all  the  rivers  on 
the  face  of  the  eartli,  though  constantly  pouring  their  mighty 
floods  into  the  ocean,  do  not  affect  its  level  in  the  slightest 
perceptible  degree;  we   may  therefore   assume   that  the 
quantity  of  moisture  evaporated  from  the  surface  of  the  sea 
and  descending  on  the  earth  in  rain  and  vapour,  is  exactly 
equal  to  the  sum  of  all  the  water,  in  all  the  lakes  and  riveis 
in  the  world**    But  though  the  quantity  of  fluid  poured  bj 
the  rivers  into  the  basin  of  the  ocean  is  again  removed  bj 
evaporation  J  yet  there  is  an  operation  silently  and  constantly 
going  on,  which  becomes  an  agent  of  perpetual  change 
The  rivulets  which  issue  from  the  mountains  are  more  ot 
leas  charged  with  earthy  particleSj  worn  from  the  rocb 
and  strata  over  which  they  flow;  the  united  streams  in 
their  progress  towards  the  rivers  become  roore  and  more 


*  The  quantity  of  i^tcr  tliat  percolates  intci  tho  earth  from  the 
surface  h  very  great.  It  m  well  known  that  the  water  in  miDei  Tories 
with,  aQd  depends  upon,  the  raia  falUag  in  tho  diatrictB  where  ihef 
are  eituated.  Seaeona  of  heavy  min  are  followed  by  a  great  increue 
of  water  in  a  mine,  and  the  reverBc  happens  from  a  drought.  The 
time  which  elapses  before  the  effect  of  these  causes  manifests  itself 
Tariea  considerably^  and  depends  on  the  mineral ogical  character  and 
pbyBical  features  of  the  country.  In  carhoniferoui  limestone  liiistrtcU 
the  percolation  of  rain-water  h  particukrly  rapidj  so  that  a  heavy  fall 
of  rain  will  often  overpower  the  machmcry  sufficient  for  ordinaiy 
drainage ,  *  "^  1  n  two  mi  n  es  i  n  Fl  i  ntshi  re,  the  e  team-engin  cs,  after  haTiug 
been  increased  in  speed  from  three  or  four  Btrokes  per  minute  to  the 
extant  of  their  power,  about  five  times  as  many,  were  yet  incapable  of 
preventing^  the  water  from  rapidly  increasing  and  filling  the  workings 
In  these  mmes  there  are  great  cross  courses  or  faults,  which  can  l>e 
traced  several  milee,  and  pour  torrcota  of  water  into  the  veins ;  they 
are,  in  fact,  channels  for  sijbterrftnoan  rivers,  and  the  latter  eany  with 
them  large  quantities  of  sand  and  gravel,  Tom  away  from  the  ro^i 
through  which  they  pass/ —^ifr.  ray^!?r. 
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ide4  with  adventitiotis  matter ;  and  as  the  power  of  abra- 
IfioD  becomes  greater,  by  the  increase  in  the  quantity  and 
den^ty  of  the  mass  of  water,  a  large  proper tior*  of  the  ma- 
terials 13  suspended  in  the  fluid,  and  carried  into  the  sea. 
If  the  current  is  feeble,  much  of  the  mud,  and  the  larger 
pebbles,  will  be  thrown  down  in  the  bed  of  the  river — hence 
the  formation  of  alluvial  plainB,  as  for  example  those  in  the 
fdleys  of  the  Aran,  the  Adur,  the  Ouse,  and  Cuckmere, 
in  this  county.*    But  a  great  quantity  is  transported  to  the 
iDOuths  of  the  rivers,  and  there  forms  those  accumulations 
uf  the  fluviatile  spoils  of  the  land  which  constitute  deltas  ; 
tlie  finest  particles,  however,  are  carried  far  into  the  sea, 
md,  trail  sported  by  currents  and  agitated  by  the  waves, 
are  at  length  precipitated  into  the  profound  and  tranquil 
depths  of  the  ocean.     But  rivers  convey  not  only  the  mud 
imd  other  detrilus  of  the  countries  through  which  they  flow; 
leaves,  branches  of  trees,  and  other  vegetable  matter,  and 
tbe  remains  of  the  animals  that  fall  into  the  streams,  with 
shells  and  other  exuvios,  human  remains,  and  works  of  art, 
are  also  constantly  transported  and  imbedded  in  the  silt  and 
sand  of  the  deltas  and  estuaries,  and  some  of  tlipse  remains 
are  occasionally  drifted  out  to  Be%  and  deposited  in  its 
bed. 

2L  Deltas  of  the  Gakges  akd  Mississtppi, — The 
changes  here  contemplated,  as  they  are  going  on  in  our  own 
island,  may  appear  insignificant,  and  incapable  of  producing 
any  material  effect  on  the  earth's  surface  ;  but  if  we  trace 
the  results  in  countries  where  the  agents  under  review  are 
operating  on  a  larger  scale,  we  shall  at  once  perceive  their 
importance,  and  that  time  only  is  required  for  the  accu- 
mnlation  of  strata,  equal  in  extent  and  alike  in  character 
with  many  of  those  ancient  deposits^  which  will  hereafter 
eome  under  our  observation. 
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From  experiments  made  with  great  care,  it  Las  hm 
ascertained  tkat  the  quantity  of  solid  matter  brought  down 
by  the  Ganges  and  carried  into  the  eea  aniinally,  is 
6,368,077,440  tons  :  in  other  words,  a  mass  of  solid 
materialSj  surpas8ing  in  size  and  weight  sixty  times  that 
of  the  great  pyramid  of  Egypt ;  the  base  of  that  Bta- 
pendoua  structure  coTering  eleven  acres^  and  its  perpen- 
dicnlar  height  being  500  feet,*  The  BuiTampooter, 
another  river  in  India,  conveys  annually  as  much  eartUy 
matter  into  the  sea  as  the  Ganges,  The  waters  of  the 
Indus,  as  the  late  Sir  Alexander  Burns  informed  me,  ara 
alike  loaded  with  earthy  materials.  In  the  vast  rivera  of 
America,  the  same  effects  are  observable  ;  the  IVIississippif 
which  flows  through  t^venty  degrees  of  latitude  and  seven 
of  longitude  J  and  drains  a  valley  3,000  mi  lea  long  and 
nearly  1,000  broad,  brings  down  whole  forests  and  immense 
rafts,  composed  of  trunks  and  branches  of  trees,  and  drifted 
underrs^oodj  and  transports  them  to  its  delta,  which  extends 
several  hundred  miles  out  to  sea;  and  the  basin  around  the 
embouchure  of  that  river  is  becoming  shallower  every  day, 
bj  the  sole  agency  of  the  causes  now  under  co  a  si  deration 
The  delta  of  this  mighty  stream  is  computed  by  Mr,  LyeU 
to  be  at  least  between  500  and  600  feet  in  depth,  the  area 
it  covers  nearly  14,000  square  statute  mileSj  and  the  solid 
matter  annually  added  2  billions  700  milUons  of  cubic  feet; 
and  the  period  required  for  the  formation  of  the  depoaiti 
now  composing  the  delta,  at  more  than  60,000  years.f 

In  the  sediments  of  these  rivers,  remains  of  the  animals 
and  plants  of  the  respective  countries  arc  continually  en- 
veloped. It  is  therefore  evident,  that  should  the  deltas 
become  dry  land,  the  naturalist  could,  by  an  examination 
of  the   animal  and  vegetable  remains   imbedded  in  the 

*  Lyeirs  Principlefi  of  Creology. 

+  Leetura  on  the  Delta  of  the  MiasUsippi,  before  the  British  Asm- 
ciatlonj  &t  Southampton^  1846^ 
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iliifiatile  sedimentSj  readily  Uetermme  the  cliaracters  of 
the  fauna  and  flora  of  the  countries  through  whicli  the 
rivers  had  flowed,  "We  maj  here  observe,  that  in  tropical 
regions,  where  animal  life  is  profusely  developed,  and  but 
little  under  the  control  of  mai),  the  animal  remains  buried 
in  the  deltas  are  far  more  abundant  than  in  those  ef 
European  countries,  which  are  thickly  peopled,  and  in  a 
high  state  of  civilization.  The  enterprising  bnt  unfor- 
ttinate  Lander  informed  me,  just  before  he  embarked  on 
hi^  last  and  fatal  expedition  to  Africa,  that  many  part?*  of 
the  Quorra,  or  Niger,  so  far  m  the  eye  could  reach,  teemed 
with  crocodiles  and  hippopotami  ;  and  so  great  was  their 
namber,  that  he  was  often  obliged  to  drag  his  boat  on  shore 
leat  it  should  he  swamped  by  them. 

It  is  unnecessary  to  dwell  longer  on  these  operations  ;  it 
will  suffice  to  ha'^^e  shown,  that  by  the  simple  eflx^ct  of 
mnning  water,  great  destruction  and  extensive  modifica- 
tions of  the  surface  of  the  land  are  everywhere  taking 
place,  and  at  the  same  time  fluviatile  deposits  are  forming 
on  an  extensive  scale,  and  imbedding  animal  and  vegetable 
remains.  Thus,  in  the  deltas  of  the  rivers  of  England  are 
found  the  bones  and  antlers  of  the  deer,  horse,  and  other 
domesticated  animals,  associated  with  the  trunks  and 
branches  of  trees  and  plants,  river  and  land  shells,  human 
bones,  and  fragments  of  pottery  and  other  works  of  art : 
while  in  those  of  the  Ganges  and  the  Nile,  the  remains  of 
the  animals  and  vegetables  of  India  and  of  Egypt  are 

K»ectively  entombed, 
2,  Formation  of  fluviatile  sthata. — There  is  a 
umstance  connected  with  these  facts  which  it  is  neces- 
^  here  to  consider.  The  c^uantity  of  water  in  streams 
mnd  rivers  varies  considerably  at  different  periods  of  the 
year  ;  in  the  rainy  season  the  rivers  are  overflowing,  and 
the  waters  remarkably  turbid :  consequently  the  deposits 
are  much  greater  at  those  periods  than  in  the  summer 
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months,  when  the  currents  are  feeble,  and  the  rivers 
shallow.  In  that  part  of  the  stream  affected  bj  the  tides, 
there  is  also  a  constant  flax  and  reflux  of  the  waters,  and 
from  this  cause  the  sediments  must,  to  a  certain  degree,  be 
periodical.  Accordingly  we  find  the  silt  and  sand  disposed 
in  strata  or  layers,  from  the  partial  consolidation  of  the 
surface  of  one  bed  of  mud,  before  the  superincumbent 
layer  was  precipitated  upon  it  Thus  wherever  a  fresh 
break  takes  place  in  a  bank  of  consolidated  silt,  in  a  delta, 
as  for  example  in  that  of  the  Nile,  it  is  easy  to  trace  the 
deposits  of  each  successive  year,  by  means  of  the  lighter 
earth  on  the  top  of  each.  When  a  portion  is  taken  into 
the  hand,  it  separates  into  layers;  and  on  closely  examining 
the  edges  of  these,  very  delicate  thin  lines  are  perceptible, 
showing  a  laminated  structure,  like  those  observable  in  the 
cofll-shales.  Judging  from  these  layers,  the  annual  deposits 
from  the  Nile  appear  to  vary  considerably,  but  the  average 
thickness  is  little  more  than  a  quarter  of  an  inch.* 

Where  a  river  terminates  in  an  extensive  estuary,  the 
sea  throws  over  the  layer  of  mud  brought  down  by  the 
river,  a  covering  of  sand ;  and  frequently  these  alternate 
with  the  greatest  regularity,  the  receding  of  the  tide 
allowing  the  fresh  water  to  deposit  its  mud,  and  the  ad« 
vance  of  the  sea  discharging  sand  and  marine  exuviae  over 
the  surface. 

23.  Ripple-marks. — And  here  we  may  notice  another 
phenomenon.  Every  one  must  have  observed,  when  walking 
by  the  banks  of  a  river  at  low  water,  or  on  the  sands  of 
the  sea-shore,  that  when  the  water  has  been  agitated  by 
the  wind,  the  surface  of  the  mud,  or  sand,  is  undulated,  or 
furrowed  over  by  the  rippling  of  the  waves,  the  marks 
presenting  various  appearances,  according  to  the  force  and 


♦  Letter  to  Professor  Silliman  from  an  American  who  visited  Egypt 
in  1834. 
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direetioii  of  tJie  currents.     Frequently,  too,  worms  and 
molluscous  animals  crawl  oYcr  and  mark  the  surface  with 

I  meandering  liiieSj  and  ridges  i  and  tbese  varied  cLaracters 
■el  tlie  sand  are  preserved,  if  a  thin  layer  of  mud  happens 
p  be  deposited  over  them,  before  tlie  next  advance  of  the 
paves.  I  shaU  have  occasion  to  refer  to  these  appear auees 
nereafter.  Wq  mny  abo  remark  tliat  certain  kinds  of 
^inoUusca,  or  shell -fish,  can  only  live  iu  fresh  water  ;  others 
^Bre  confined  to  the  sea  ;  while  a  third  class  is  restricted  to 
H^bt  l^racklsh  waters  of  estuaries ;  accordingly,  in  the  de- 
I  '^pHsB  under  considers tioUj  the  river  and  estuary  species  are 
I  aBundantj  while  the  marine  only  occur  as  stragglers,  and 
^are  comparatively  rare.  Land  plants,  and  those  which 
^Kffect  a  marshy  soil,  as  the  equiseta,  or  mare^a -tails,  reeds, 
^^ashes,  Sec,  are  likewise  often  accumulated  in  such  quaiititiea 
as  to  form  beds  of  peat. 

24*  Lewes  LEVELs.^It  wiU  ser^e  to  impress  the  sub- 
ject more  forcibly  upon  our  minds,  if  we  refer  to  some 
local  example  of  fluvio-marine  deposits i  and  from  its  imme- 
diate vicinity  to  Brighton,  I  select  that  which  occurs  in  the 
valley  of  the  Ouse,  near  Lewes,  which  is  one  of  sevei-al 
estuaries  whence  the  sea  has  retired  within  the  last  eight  or 
in  centuries p     This  tract  is  about  eiglit  miles  in  length 
m  north  to  south,  and  varies  in  breadth  from  half  a  mile 
two  miles  and  a  half      The  valley  is  bounded  by  an 
phitheatre  of  chalk  hills,  into  which  the  river  enters 
ough  a  gorge  of  tlie  Downs  on  the  north,  near  Offham, 
d  pursuing  a  tortuous  course,  flows  betweeu  the  towns  of 
Lewe^  and  The-Cliff,  and  discbarges  its  waters  into  the  sea 
^      at  Kewhaven,     This  alluvial  plain  is  called  Lewes  Leveh^ 
and  is  here  and  there  fianked  on  the  east  and  west  by  head* 
lands,  and  ancient  sea-cliffs;  while  a  few  insular  mounds  of 
chalk  rise  up  through  the  fiuviatile  cle posit Sj  that  have  been 
iccumulating  during  a  long  period  of  time.   Ligu,  7,  repre- 
sents a  section  of  the  valley  of  the  Ouse,  from  east  to  west. 
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Here  we  have  a  depression  (or  hastinj  as  it  i^  termed  hy 
geologists)  of  chalk  strata,  partially  filled  tip  hy  layers  of 
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A,  A.  Silt,  with  rii?et shell! ;  B.  B.  Clay,  with  river  aiii  mirine  gh&Ui  j  C»  C* 
with  inailqe  sbells^  only. 

indurated  mod  or  silt»  the  surface  of  which  ia  clothed  witii 
verdure  ;  the  bed  of  the  river  (i)  is  situated  near  the 
eastern  chalk  cliffs*  Ey  numerous  siukings  through  the 
soil,  carried  from  the  surface  down  to  the  chalk  bottoTHj 
and  the  depth  of  which  varied  from  fifteen  to  thirty  feet, 
the  deposit!^  have  been  ascertained  to  be  as  follow : — 

1.  Bog-earth  and  peat,  about  firo  feet  in  thl(?kneaa:  formed  of 

decayed  twig^  and  leaves  of  hazel^  oak^  birch^  kc.  inclDshg 
trunks  of  large  trees. 

2.  (a.  A.)— Blue  clay,  or  indomted  mad,  coataiaiiig  &ever»l  ipeciea 

of  fresh  water  shells,  liko  those  which  now  inhabit  the  river  and 
ditehea ;  with  numeroua  indusitrt  gt  eases  of  the  larv»  of  i 
species  of  May-fly  {phr^<ineir)  commonly  termed  caddiB-vonns. 
Bones  of  horses  and  deer  haye  been  found  in  the  lower  part  of 
this  bed. 


•  A  gtohguxd  sedioit  repres^nta  the  internal  fitractnre  of  the  earth 
on  any  giTeti  Ime,  m  a  vortical  ditection ;  and  is  either,  1,  naluTal,  as 
seen  in  cliffs,  preeipices,  kc;  2,  iirf*jfei«/,  a$  in  quamefij  tunnels,  aaii 
other  cxcavationfi ;  or*  3,  th&^reticalt.  when  coB^trueted  from  a  com- 
biaaijon  of  obseryations  on  the  podtien  of  the  stiata  in  Tarioua 
distani  localities 
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3.  (b.  b.) — Clay,  contuning  fresh-water  shells,  with  an  intermixture 

of  existing  nuuine  species,  as  the  common  cockle,  {cardium 
edfde,)  tellina^  &c 

4.  (o.  a) — ^Blne  cls^,  inclosing  marine  shells,  viz.  cockles,  mussels, 

&c  without  any  intermixture  of  fluviatile  species.  In  this 
deposit  a  skull  of  the  Narwhal,  or  sea-unicorn  {Monodon  mono- 
ceros),  and  of  the  Porpoise  have  been  discoYcred. 

From  the  nature  of  these  sediments  we  learn  that  this 
valley  was  once  an  arm  of  the  sea,  and  that  the  following 
sequence  of  physical  changes  has  taken  place : — • 

Firstf  there  was  a  salt-water  estuary,  inhabited  by  marine  shell-fish 

of  the  same  species  as  those  now  existing  in  the  British  Channel, 

into  which  cetacea  occasionally  entered. 
Secondly,  the  inlet  grew  shallow,  the  water  brackish,  and  marine 

and  fresh-water  shells  were  mingled  in  its  blue  argillaceous 

sediment. 
Thirdly,  the  shoaling  continued  till  fresh-water  so  much  predo- 

minated,  that  fluviatile  shells,  and  aquatic  insects,  could  alone 

exist. 
Fourthly,  a  peaty  swamp  was  formed,  by  the  drifting  of  trees,  and 

plants,   from   the   forest  of  Andreadswald,  which  formerly 

occupied  the  entire  Wealds  of  Sussex  and  the  adjacent  counties; 

and  terrestrial  quadrupeds  were  occasionally  imbedded  in  the 

morass. 
Lastly,  the  soil  being  inundated  by  land-floods  at  distant  intervals 

only,  became  an  oozy  marsh,  which  has  been  gradually  converted 

into  a  fertile  tract  of  country. 

Such  are  the  natural  changes  which  the  river  valley  of 
the  Ouse  has  undergone,  as  shown  by  the  character  of  the 
deposits  which  partially  fill  up  this  depression  in  the  chalk ; 
and  historical  records  confirm  the  geological  evidence.* 
What  further  transmutations  the  plain  of  Lewes  Levels  is 
destined  to  undergo  cannot  be  foretold.     It  may  be,  that 

*  See  "A  Day's  Eamble  in  and  about  the  Ancient  Town  of  Lewes," 
1  vol.  8vo.  1846,  by  the  Author. 
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some  change  ia  the  relative  level  of  tlie  land  and  water 
along  the  Sussex  coast  will  again  convert  the  Levels  into 
an  arm  of  the  sea,  and  the  town  of  Lewes  be  once  more  a 
port.  On  the  other  hand,  the  physical  agents  of  terrestrial 
change  may  lie  dormant,  and  man,  with  the  mighty  powers 
of  nature  over  which  science  has  given  him  control,  may 
inclnde  this  alluvial  plain  in  the  grand  line  of  commoai- 
cation  that  shall  link  together  the  metropolitan  cities  of 
France  and  of  England,  and  ere  another  century  have  passed 
away^  these  now  verdant  pastures  may  be  covered  with 
towns  and  citiea>  swarming  with  busy  communities  of  the 
human  race. 

25,  Eemains  of  mak  m  mode  en  deposits. —But  tbe 
sediments  in  the  river  valleys  often  contidn  not  only  honet 
of  deer,  horse,  boar,  and  other  terrestrial  animals^  but  also 
hnman  skeletons,  which  are  sometimes  found  inclosed  ia 
coffins  of  exceedingly  rude  workmanship  ;  together  with 
canoeSj*  and  other  relics  of  the  early  inhabitants  of  otir 

*  Ancimi  British  Canoe.    In  1835  a  omoe  was  discoTered  at  the 
dept^  of  seTcml  fc<jt  in  a  tted  of  ^ilt,  that  filled  iip  an  ancient  br&n^iib 
of  the  river  Amn,  at  :N"orth  Stoke,  near  AruadeL    It  ^m  pT<?9cnted, 
hy  my  noble  friend  the  late  Earl  of  Egrenioat,  to  the  British  MaseuOL 
This  canoo  is  nearly  tbirty-flye  feet  in  length,  four  and  a  half  wide  in 
tho  centre,  three  feet  three  inches  hroad  at  one  extremity,  and  two  feet 
ten  inches  at  the  other ;  and  is  about  two  feet  deep.     It  m  farmed  of  i 
single  trunk  of  oak,  which  has  beon  hollowed  out  and  brought  to  it« 
present  shape  with  great  lahouf :  it  ia  evidently  the  workmanship  of* 
very  remote  period,  and  in  all  probahility  was  constructed  by  some  of 
the  earliest  inhabitants  of  our  island,  bcfom  the  nee  of  iron  or  eF«n 
hTBM  waa  known  :  the  original  tree  muet  have  been  fifteen  or  BiJcteeiL 
feet  in  circumference.    Three  projections,  left  in  the  interior  of  the 
boat,  appear  to  have  been  desjigned  for  seats ;  it  is  inanifeiit  thcpcfore 
that  the  pei^ong  who  construeted  this  vessel  were  unacquainted  with 
the  art  of  forming  boards.     Tliia  canoe  is  so  aimilar  to  some  of  thoM 
Tvhich  were  fabricated  by  the  aborigines  of  North  America,  when  fint 
Tj^ited  by  Europeans,  that  we  <an  have  no  hesitation  in  concluding' 
that  it  was  conatructed  in  a  similar  manner ;  namely,  by  charring 
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island.  This  human  skull  was  dug  up  at  a  great  depth  in 
the  blue  silt  of  Beeding  Levels  ;  it  was  inclosed,  together 
with  the  other  bonea  of  the  akeleton,  in  a  coffin  of  oak, 
which  was  eTideutlj  of  high  antiquity,  being  formed  of 
four  rude  planks,  or  rather  hewa  trunks  of  trees^  held 
together  by  oaken  pegs.  The  skull  is  of  a  dark  bluish- 
brown  colour,  like  the  bones  of  deer  and  horse  found  in 
gimilar  deposits^  an  appearanct^  attributable  to  an  impreg- 
jifttion  of  iron  ;  when  first  dug  up,  the  interstices  of  the 
bones  were  filled  with  blue  phosphate  of  iron.  The  state 
of  the  teeth  ib  remarkable,  for  the  crowns  of  the  incisors 
are  worn  down  almost  flat,  although  the  individual  must 
have  been  in  the  prime  of  Ufe  ;  a  fact  which  seems  to  indi- 
ate  that  grain,  and  other  hard  substances,  constituted  hia 
"customary  food. 

26.  Pea,t  bo<xS. — ^Before  proceeding  to  the  next  subject^ 
I  will  advert  to  those  extensive  accuraulatioDs  of  vegetable 
matter  called  Peat  Bogs.  These  are  morasaeSj  covered 
with  successive  layers  or  beds  of  mosses,  reeds,  equiseta, 
nishest  luid  other  plants  that  affect  a  marshy  soil ;  and  in 
particular  of  a  kind  of  moss^  the  sphafjnum  palustre,  which 
frequently  forms  a  large  proportion  of  the  entire  mass. 
The  beds  of  peat  are  annually  augmented  by  the  peculiar 
mode  of  increase  of  the  moss,  which  throws  up  a  succession 

I      of  shoots  to  the  surface,  whOe  the  parent  plants  decay ,  and 

I       add  a  new  layer  of  soil. 

The  peat  hogs  of  Ireland  are  of  great  extent :  one  of  the 
mosses  on  the  banks  of  the  Shannon  is  between  two  and 
three  miles  in  breadth^  and  fifty  in  length.  'Mr.  Ly ell  remarks^ 
that  most  of  the  peat-mosaes  of  the  North  of  Europe  occupy 


1        «uc 
tj      out 


«nch  fujitioas  of  the  tree  as  were  to  be  removed,  and  scooping  them 

out  witii  fitoae  iofitrumeutB  ■  no  doubt  tbla  canoe  belongs  to  tbe  same 

period  as  the  flint  and  atone  iastrtimentH  called  cdls,  whieb  are  found 

the  tumuli  on  the  South  Ddwhr. 


OO  THE  W0!fD£R8  OF  QEOLaGIT.  L%ct.  L 

tha  area^  of  ancient  forests  of  oak  and  pine  ;  and  that  tbe 
fall  of  trees  Irom  the  effect  of  stoi'ma,  or  natural  decaj,  by 
obetrueting  the  draining  of  a  district,  and  thua  giving  riw 
to  a  marsli,  is  the  origin  of  mo^t  of  these  deposits  ;  mosie^ 
and  other  marsh  plants,  spring  up,  and  soon  overwhdm 
and  buiy  the  prostrate  trees  ;  hence  the  occtirrenee  of 
trunks  and  branches  of  oaksjij  firs,  &c,  with  their  (rmtSt 
^De  Luc  states,  that  the  sites  of  many  of  the  abonginil 
\  forests  on  the  continent  are  now  covered  by  mosses  and 
fens,  and  that  many  of  these  changes  are  attributable  to  tbo 
destruction  of  the  woods  by  the  Eomans. 

A  remarkable  circumstance  relating  to  peat  bogs  must  not 
be  omitted,  namely,  the  occasional  occurrence  of  the  bodies 
of  men  and  aniraab,  in  a  high  state  of  preservation,  it  & 
great  deptlu  In  some  instances  the  bodies  are  converted 
into  a  fatty  substance  resembling  spermaceti,  and  which  'a 
called  adipocire. 

27.  Ck>AL  IN  PEAT. — A  fact  of  considerable  geologi^^ 
interest  is  the  occurrence  of  coal  in  peat  bogs,  smce  it 
proves  that  the  conversion  of  vegetable  matter  into  i 
mineral,  the  origin  of  whieh^  but  a  few  years  since,  wii 
deemed  questionable,  takes  place  at  the  prefieni  time,  whea 
circumstances  are  favourable  for  the  production  of  liie 
bituminous  fermentation.  In  Limerick^  in  tlie  district  rf 
Maine,  one  of  the  States  of  North  America,  there  are  peit 
bogs  of  considerable  extent,  in  which  a  substance  exactly 
similar  to  tminel  eotil  is  found  at  the  depth  of  three  or  fottf^ 
feet  i'rom  the  surface,  amidst  the  remains  of  rotten  logs  of 
wood  and  beaver-sticht:  the  peat  is  twenty  feet  thick^  aai 
rests  upon  white  sand.  This  coal  was  discovered  on  diggiof 
a  ditch  to  drain  a  portion  of  the  hog,  for  the  purpose  rf 
ohtaining  peat  for  manure.*  The  substance  is  a  ti 
hituminous  coal,  containing  more  hitomen  than  b  found 

*  Dr.  Jackson  J  on  tb«  Geology  of  liiine. 
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tmj  other  varietj,*  Polialied  eecDions  of  the  compact 
masses  exhibit  the  peculiar  structure  of  coniferous  treeSj 
and  proYe  that  tht^  coal  waa  derived  from  a  j^pecies  allied  to 
the  American  fin  It  has  probably  been  formed  by  the 
chemical  changes  supervening  upon  iir-balsam,  during  its 
long  immersion  in  the  humid  peat ;  the  circumstances 
imder  which  it  was  placed  being  most  fjivourable  for  that 
process  to  take  place,  by  whicbj  as  we  shall  show  hereafter 
(see  Lecture  VL),  vegetable  matter  is  converted  into  coal. 
In  the  Chatham  Islands,  Dr*  DiefFenbach  observed  a  bed  of 
peatj  in  wliich  were  layers  closely  resembling  coal,  and 
possessing  a  lustrons  appearance  and  conchoidal  fracture; 
while  in  other  parts  of  the  same  layers  the  transition  to 
tnie  peat  was  evident. 

28,  Subterranean'  forests. — Independently  of  the 
trees  imbedded  in  peat  bogs  and  morsLsses,  there  are  also 
fotmd  entire  forests  buried  deeply  in  the  soil  j  the  trees 
having  their  rootSj  trunks,  branches,  fruits,  and  even  leaves, 
toore  or  less  perfectly  preserved*  Numerous  accumulations 
of  this  kind  have  been  discovered  on  the  coasts  of  England, 
occupying  low  alluvial  plains,  that  arc  still  subject  to 
periodical  inundationa.f  The  trees  are  chiefly  of  the  oak, 
hazel,  fir,  birch,  yew,  willow,  and  uah  ;  in  short,  almost 
every  kind  that  is  indigenous  to  this  island  occaaiomdly 
occurs.  The  trunks,  branches,  &c.  are  dyed  throughout  of 
a  deep  ebony  colour  by  iron  j  and  the  wood  is  firm  and 
heavy^  and  occasionally  fit  for  domestic  use ;  in  Yorkshire, 
timber  of  this  kind  is  sometimes  employed  in  the  con- 
ttruction  of  houses, 

29*  Geological  effects  of  the  ocean, — While  the 
mountains,  valleys,  and  plains  of  the  interior  of  a  country, 

•  An  Wialyiifi  of  100  gmina  gave  the  following  results  i^BUumen,  J 

73;  Citrhon,  21 ;  Oxide  o/Irojif  4;  SUkat  1 ;  OxidG  o/M^ngan^et  2;  ^ 

f  Se^  IlltitlTatioiu  of  the  Otology  of  Bo&aex,  p,  288.  I 
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are  undergoing  slow  but  perpetual  destruction  by  the  com- 
bined effects  of  atmospheric  agency,  and  of  running  water, 
the  coasts,  cliffs,  and  shores,  are  exposed  to  destruction 
from  the  action  of  the  waves,  and  the  encroachments  of  the 
sea.  When  the  land  presents  a  high  and  rocky  coast,  the 
waves,  by  their  incessant  action,  undermine  the  cliffs,  which 
at  length  fall  down,  and  cover  the  shore  with  their  ruins. 
The  softer  parts  of  the  strata,  as  the  chalk,  limestone,  marl, 
clay,  &c.  are  rapidly  disintegrated  and  washed  away;  while 
the  more  solid  materials  are  broken,  and  rounded,  by  the 
continual  agitation  of  the  water,  and  give  rise  to  those 
accumulations  of  shingle  and  sand  which  skirt  the  base  of 
the  sea-cliffs,  and  serve,  in  some  situations,  to  protect  the 
land  from  further  encroachments.  But  when  the  cliffs  are 
entirely  composed  of  soft  substances,  their  destruction  is 
very  rapid,  unless  artificial  means  be  employed  for  their 
protection ;  which,  however,  in  many  instances  are  wholly 
ineffectual 

The  encroachments  of  the  ocean  upon  the  land  effected 
by  this  agency,  often  give  rise  to  sudden  and  extensive 
inundations,  and  the  destruction  of  whole  tracts  of  country. 
Along  the  Sussex  coast  the  inroads  of  the  sea  have  been 
noticed  in  the  earliest  historical  records ;  and  the  site  of 
the  ancient  town  of  Brighton  has  been  entirely  swept  away, 
the  sands,  and  the  waves,  now  occupying  the  spot  where  the 
first  settlers  on  these  shores  fixed  their  habitations.*  On 
low  and  sandy  coasts,  the  waves  drive  the  loose  and  lighter 
materials  towards  the  land ;  and  the  drifted  sand,  becoming 
dry  at  the  reflux  of  the  tide,  is  carried  by  the  wind  inland, 
and  in  some  situations  is  accumulated  in  such  quantities  as 

*  In  my  "Fossils  of  the  South  Downs,"  and  "  Geology  of  the  South- 
East  of  England,"  will  be  found  some  interesting  historical  notices  of 
the  destruction  of  the  Sussex  coast  by  the  inroads  of  the  sea.  These 
have  been  copied  almost  verbatim  into  several  geological  works, 
without  acknowledgment  or  reference. 
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\  to  kna  ranges  of  hills,  which  in  their  progress  overwhehn 
f  Jertile  tracts,  and  engulf  churches,  and  even  entire  viUagea. 
Tihese  sand*l>anks  or  downsj  loose  and  fluctuating  as  they 
are  in  their  first  stage  of  advancement,  become  under 
certain  circumataucea  stationary,  and  are  then  converted 
into  solid  stonej  by  a  process  which  we  shall  jpresently 
explain. 

30.  The  bed  of  the  oceajj. — But  the  productioB  of 
beach^  gravel,  and  sand,  on  the  shoresj  and  the  drifting  of 
8an<l  inland,  are  effects  far  less  important  than  those  which 
are  going  on  in  the  profound  depths  of  the  ocean.  In  the 
tranquil  bed  of  the  sea,  the  finer  materials,  that  were  held 
ia  chemical  or  mechanical  suspension  by  the  waters^  are 
precipitated  and  deposited,  enveloping  and  imbedding 
shells,  corals,  fishes,  &c.  together  with  the  remains  of  such 
terrestrial  animals  and  vegetables  as  may  bo  floated  down 
by  the  streams  and  rivers.  And,  in  the  beautiful  language 
of  "Mtb^  Hemans,^ — 

'  The  depths  ha^e  more  I     What  weailth  tmtold 

Far  down  and  fihming  through  their  stlllnesa  lieH  ! 
They  have  the  stany  gBm^,  the  bnniing  gold, 
Wcm  from  &  thouBand  royal  arj^Bies  f 

'  Yet  more — the  depths  have  more  t    Their  waves  haTO  rolled 

Above  the  cities  of  a  wotld  gone  by — 
Sand  bath  filled  up  the  palaces  of  old, 
Sea-wced  overgrown  the  halls  of  reveby. 

'To  them  the  lore  of  woman  hath  gone  down. 

Dark  flow  their  tides  o'er  manhood^H  noble  head, 
O'er  youth's  bright  locks,  and  beauty's  flowed"  erown.'*— 

Tea!  in  these  modem  deposits^  the  remains  of  nian,  and  of  his 
works,  must  of  necessity  be  continually  engulfed,  together 
ivith  those  of  the  animab  which  are  bis  contemporaries. 

Of  the  nature  of  the  present  bed  of  the  ocean,  vro  can  of 
course  know  but  little  from  actual  observation.    Soundings, 
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however,  have  thrown  light  upon  th^  depoeitB  now  forming 
ID  those  deptha  which  are  aecesaible  to  this  mode  of  inves- 
tigation, and  shown  that  in  many  parta  immense  accumula* 
tions  of  shells  and  Ci^ralSj  iDtermixed  with  santi,  gravel,  and 
mud,  are  going  on.  Doruiti  ascertained  the  existence  of  a 
compact  bed  of  gheils,  100  feet  in  thickness,  at  the  bottom 
of  the  Adriatit',  which  in  some  parts  waa  converted  into 
raarhle.  In  the  Britieh  Channel,  extensive  banks  of  sand, 
imbedding  ah  ells  j  Crustacea,  &c*  are  in  the  progress  of'  form- 
ation. This  specimen,  which  was  dredged  up  a  few  miles 
off  Brighton  J  is  an  aggregation  of  sand  with  recent  marine 
shells^  oysters,  mussels.  Limpets,  cockles,  &c.  and  minute 
corallines  ;*  and  this  example,  from  the  coast  of  the  Isle  of 
Sheppey,  consists  entirely  of  cockles  (  Cardium  Bdule\  held 
together  by  conglomerated  sand.f 

In  bays  and  creeks,  bounded  by  granitic  rocks,  the  bottom 
is  ff  lund  to  be  composed  of  micaceous  and  qnartzose  sand, 
coni^oli dated  into  what  may  be  termed  regenerated  granite. 
Off  Cape  Frio,  on  the  Brazilian  coasts  solid  masses  of  this 
kind  were  formed  in  a  few  months,  and  in  them  were  found 
imbedded,  dollars  and  other  treasures  from  the  wreck  of  a 
vesaelj  the  Thetis,  to  recover  which  an  exploration  by  the 
diving  bell  was  undertaken. 

3L  Effects  of  cubkents* — The  distribution  over  tiie 
bottom  of  the  sea  of  the  detritus  brought  down  by  rivers 
and  streams,  and  of  the  materials  worn  away  by  the  action 
of  the  waves  on  the  shores^  is  principally  effected  by  the 
influence  of  currents^  whicli,  from  their  regularity,  perma- 
nency, and  extent,  may  be  considered  as  the  rivers  of  the 
ocean.  To  this  agency  I  can  but  briefly  allude,  and  shall 
restrict  my  remarks  to  the  Gulf-stream,  which  is  the  great 
current  that  transports  the  waters,  and  the  temperature  of 

*  MedalB  of  Creation,  toI.  !♦  p*  375,  Ugn.  ST. 
i  Ibid,  p.377,  %?>.88» 
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the  tropical  regions,  into  the  climates  of  the  nortli.  From 
the  mouth  of  the  Red  tSea  a  current  about  Mty  leagues  in 
famadth  sets  continually  towards  the  south-west ;  doubling 
liie  Cape  of  Good  Hop^  it  assumes  a  north- wftst  direction, 
and  in  the  parallel  of  St.  Helena,  its  breadth  exceeds  1000 
miles  ;  then  taking  a  direction  nearly  east,  it  meets  in  the 
pflfallel  of  3*  north  J  along  the  northern  coast  of  Alrica,  with 
i  stream  irom  the  north  j  entering  the  Gulf  of  Florida, 
the  united  currents  are  reflected  and  form  the  Gulf-stream, 
which,  passing  along  the  coast  of  North  America,  stretchea 
across  the  Atlantic  to  the  Bntish  Isles.  At  the  parallel  of 
38%  nearly  1000  miles  from  the  Straits  of  Bahama,  the 
Wiiter  of  the  stream  is  ten  degrees  warmer  than  the  air. 
The  course  of  the  Gulf-streara  is  so  fixed  and  regular,  that 
nuts  and  plants  from  the  West  Indies  are  annually  drifted 
to  the  western  islands  of  Scotland.  The  mast  of  a  man* 
of-war,  burnt  at  Jamaica,  was  driven  ashore  several  months 
afterwards  on  the  Hebrides,  "  after  performing  a  vojage 
of  more  than  4000  milea  under  the  direction  of  a  current, 
which,  in  the  midst  of  the  ocean,  maintains  its  course  as 
steadily  as  a  river  upon  the  land."*  The  quantity  and 
variety  of  detritus  transported  by  such  currents  must 
be  immense,  and  we  therefore  need  not  wonder  at  fre- 
quently finding  the  productions  of  different  climates  asso- 
ciated together  in  a  fossil  state* 

32.  Icebergs  ajjd  glacieks*  From  the  consideration 
of  the  dynamical  powers  of  water  as  a  fluids  we  pass 
to  the  examination  of  its  effects  when  consolidated  by  con- 
gelation. The  character  of  the  regions  of  eternal  ice  in 
the  Arctic  circle^ — the  floating  islands  and  mountain  ranges 
composed  of  rock-ice,  which  everywhere  threaten  witb 
impending  destruction  the  intrepid  mariners  who  penetrate 
the   desolate  polar  seas — the    removal   and   transport  of 


*  FUyfeir'fi  Workn,  edition  1822 ;  toI.  i.  p.  4U, 
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immense  masses  of  rocks  and  boulders  hy  drifting  ice-floes, 
and  the  distribution  of  these  materials  in  the  bed  of  the 
ocean,  or  on  the  land,  as  the  congealed  water  gradually 
melts  as  it  approaches  a  mOder  climate^  are  phenomena  so 
famihar  to  the  English  reader^  from  the  graphic  accounts 
which  have  emanated  from  our  naval  o^icers  engaged  in 
the  arduotis  service  of  the  voyages  of  discovery,  undertaken 
during  the  present  century^  that  it  wilt  not  be  necessary  to 
dwell  upon  the  subject. 

Glaciers  are  sheets  of  ice,  which  form  upon  the  tops  and 
in  the  clefts  and  valleys  of  mountains,  that  attain  such  an 
elevation  as  to  be  within  the  regions  of  eternal  snow.  They 
are  not  inaptly  termed,  by  that  most  charming  of  all  philo- 
sophical travellers,  Mr,  Darwin,  gigantic  icicles.  The 
lowest  limit  to  which  glaciers  extend,  depends,  of  course, 
on  the  height  of  the  line  of  perpetual  congelation^  which 
varies  in  diflferent  latitudes,  and  is  also  modifled  by  the 
configuration  of  the  land.  In  the  Alps  the  traveller  enters 
the  region  of  eternal  snow  at  a  height  of  from  3000  to  7000 
feet ;  while  in  South  America,  under  the  equator,  the  snow 
line  is  equal  to  that  of  the  summit  of  Mont  Blanc*  In 
the  Alps  there  are  vast  table-lands,  of  from  100  to  300 
square  miles^  composed  of  solid  ice,  from  wliich  descend 
enormous  masses,  that  slowly  glide  towards  the  lower 
regions,  bearing  with  them  innumerable  fragments  of  rock. 
So  soon  as  these  glaciers  reach  the  lowest  limit  of  perpetual 
congelation,  they  melt,  and  the  fragments  of  rock  they 
contain  are  deposited^  and  form  mounds  and  ridges  of  stones 
of  aU  sizes  J  which  are  called  moraines;  these  remain  after  aU 
vestiges  of  the  agent  which  produced  them  have  disappeared. 
The  difference  in  the  character  of  the  materials  brought 
down  by  torrents  and  by  glaciers  is  very  manifest ;  for  the 
former  give  rise  to  beds  of  gravel ;   the  latter  to  ridges  or 

*  Humboldt, 
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of  boiildera*     The  movement  of  the  glacifir  from  thc^ 

mountain  top,  arises  from  the  softened  stat4?  of  the  layer 

of  ice  in  contact  with  the  siirlace  of  the  parth  on  which  it 

rests ;  for  the  beautiful  experiments  of  Proiegtgor  Forbes 

have  shown  that  ice  movea  upon  the  principle  oi'  a  tenacious 

or  Tiscous  fluid  ;   that  is,  by  gravitation  on  an  inclined 

BuHace*      The   rocka    forming  the  bases  of  the  glaciers, 

iad  the  side^  of  the  valleys  they  have  traversed,  are  raoi^e 

Iff  leiB  polished  and  grooved,  from  the  passage  of  angular 

massetB  of  rock  when  impacted   in  the  moving  ice  :   the 

grooves  being  in  the  direction  of  the  movement  of  the 

glat!ier,* 

From  careful  observations  on  these  appearances,  M. 
Agassi z:  has  established  characters  by  which^  in  countries 
where  the  hills  are  at  the  present  time  far  below  the  snow 
line,  evidence  of  former  glaciers  of  great  extent  has  been 
obtained.  Many  i n dicati ons  of  ancient  glaciers  are  su pposed 
to  occur  m  England  and  Scotland  ;  and  the  acctmiutationa 
of  drifted  materialsj  containing  large  angular  blocks,  and 
disposed  in  long  banks  and  ridges,  and  the  grooves  and 
scratches  on  the  surface  of  the  rocks  forming  the  sides  of 
valleys  and  slopes  of  hills,  which  lead  off  from  these  sup- 
posed moridneSf  are  regarded  by  some  geologists  as  un- 
equivocal proofs  of  a  great  extent  of  glaciers  in  these 
islands  at  a  comparatively  recent  period  :  and  the  drifts 
boulders,  and  superficial  alluvial  debris,  are  attributedj  in 
a  great  me^ure,  to  the  agency  of  either  icebergs  or  glaciers. 
^ut  the  sweeping  conclusion  of  M»  Agaasiz  and  others, 
at  the  whole  of  Europe  was  once  covered  with  ice,  should 
l>e  received  with  much  hesitation ;  and  it  is  to  be  regretted 
that  the  term  "  glacial  period^'  has  been  a<lmittcd  into 
geological  nomenclature. 

•  See  ''Etudes  mn  lee  Qladera/'  par  M.  AgasflVK;  Neuchatel,  18*0  ; 
and  the  Works  and  Meinoin^  of  ProF.  ForbeR  (in  the  Fhilofl,  Trans,), 
on  the  umie  aubject. 
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The  former  existence  of  limited  glaciers  in  some  parts  of 
Great  Britain,  perhaps  accompanied  with  a  lower  clima- 
torial  temperature  than  now  prevails,  appears  to  me  the 
extent  to  which,  in  the  present  state  of  our  knowledge,  the 
glacial  theory  can  be  admitted  as  a  vera  catisa,  in  our 
attempts  to  interpret  the  origin  of  the  drift  of  the  British 
islands.  It  may,  however,  be  well  to  state,  that  if 
an  elevation  of  the  European  continent  to  the  amount  of 
but  2000  feet  were  to  take  place,  a  great  part  of  its  surface 
would  be  covered  with  glaciers  and  perpetual  snow,  and 
cease  to  be  habitable. 

33.  Incrusting  springs. — The  phenomena  hitherto 
considered,  are  referable  to  the  mechanical  action  of  water ; 
and  the  effect  has  been  disintegration,  and  destruction, 
in  the  first  instance,  and  in  the  second  the  accumulation 
of  sediments  in  water-courses,  and  their  transport  into 
the  bed  of  the  sea.  We  must  now  refer  to  an  operation 
of  a  totally  different  character— the  power  possessed  by 
streams,  as  clear  and  sparkling  as  poet  ever  feigned  or 
sung,  of  consolidating  loose  materials,  of  converting  porous 
strata  into  solid  stone,  and  of  filling  up  their  own  channels 
by  the  deposition  of  calcareous  matter. 

That  most  fresh  water  holds  a  certain  proportion  of 
carbonate  of  lime*  in  solution,  is  well  known;  and  also 
that  changes  of  temperature,  and  certain  other  causes,  will 
occasion  the  calcareous  earth  to  be  in  part  or  wholly  preci- 
pitated. The  ^fiir,  as  it  is  called,  that  lines  a  boiler  which 
has  been  long  in  use,  affords  a  familiar  illustration  of  this 
fact.  At  the  temperature  of  60°,  lime  is  soluble  in  700 
times  its  weight  of  water,  and  if  to  the  solution  a  small 

*  Carbonate  of  lime  consiBts  of  lime  in  combination  with  carbonic 
acid  goB,  which  is  a  most  abundant  natural  product.  This  gas  is 
irrespirable^  and  when  pure,  will  immediately  suffocate  an  animal 
'immersed  in  it,  and  extinguish  flame. 
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I   portioD  of  carbonic  acid  be  added^  carbonate  of  lime  is9 
I    formed,  and  precipitated  in  an  insoluble  state.    If,  howe^er^ 
I    tie  carbonic  acid  be  in  such  quantity  as  to  supersaturate 
I   the  lime,  it  is  again  rendered  soluble  in  water ;  and  it  is 
I   tbtm  that  carbonate  of  limCj  held  in  solution  by  an  excesa 
of  fixed  air,  not  in  actual  combination  with  the  limej  but 
contained  in  the  water  and  acting  as  a  menstruum,  is  com- 
iionlj  found  in  all  waters.    An  absorption  of  carbonic  acid, 
or  a  loas  of  that  portion  which  exists  in  excess,  will  there- ^^ 
fore  occasion  the  calcareous  earth  to  he  set  free,  aod  pre- 
cipitated  on  any  substances  in  the  water,  such  as  stones, 
twigs,  and  leaves  of  trees^  &e,      Some  springs  contain  so 
large  a  portion  of  calcareous  earth  when  they  first  issue 
from  tbe  rocksj  and  so  speedily  throw  it  down  in  their 
course^  that  advantage  has  been  taken  of  the  circumstance 
to  obtain  incrustations  of  various  objects,  as  leaves,  branches, 
baskets,  nests  with  eggs,  and  even  old  wigs.     The  incrust- 
ing  springs  of  Matlock  and  other  places  in  Derbyshire  are 
celebrated  for  such  productions**    The  substance  deposited 
is  termed  tufa,  or  travertine;  and  in  Italy,  and  many  other 
countries,  it  constitutes  extensive  beds  of  concretionary 
limestone,  which  is  often  of  a  crystalline  structure.     The 
Cyclopean  walls  and  temples  of  Psestum,  are  formed  of 
trairertine.     At  the  baths   of  San  Filippo,   in   Tuscany, 
where  the  waters  are  highly  charged  with  tufa,  this  pro- 
perty is  applied  to  a  very  ingenious  purpose*     The  stream 
is  directed  against  moulds  of  medallions  and  other  bas- 
reliefs,  and  beautiful  casts  are  thus  obtained. 

34*  Incrustations, — As  specimens  of  this  kind  are 
ly,  but  erroneously,  termed  petrifactions,  it  will  be 
to  explain  their  real  nature*    We  have  before  us 
eeveral  incrustations  from  various  places :  baskets  of  aheUs,  fl 

An  ncoo^mt  of  tbe  iucmsting  Bprings  at  Matlock  la  given  in 
f  "  Med&U  of  Creation  "  vol,  ii.  p.  940. 
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and  neats  with  eggSj  from  Derbjghire ;  a  birdj  from  Knare^s- 
borough,  in  Yorlcshire  j  and  twigs  and  branches  partially 
incnisted,  from  Ireland,  Eusaia,  &c. 


I 


LlQM,  H.~A  Twin    IlSCAIJBT^D   WITH    TuFA. 

fl,  It,  Q,  ExtremitlGfl  of  the  twig  unchnn^fcli  b,  b,  h^  the  tuAiceauR  cnut. 

I  need  sjcarcelj  observe^  that  on  breaking  sueh  specimeM, 
we  find  the  inclosed  aubatances  to  have  undergone  no 
change  but  that  of  decay.  In  this  incrustation  {Lig^n.  8) 
the  twig,  which  is  esjTOsed  in  several  places,  is  not  pe^ 
meated  bj  stony  matter,  but  is  withered,  and  brittle- 
No  w,  a  true  petrifaction  is  altogether  of  a  different 
nature,  tbe  aubstance  being  more  or  less  compleieij 
mineralized ;  if  we  break  it,  we  find  that  every  part  of 
its  structure  has  undergone  a  change.  Wood,  for  in- 
stance, is  often  entirely  transmuted  into  flint  or  chalce- 
dony, and  may  be  cut  ao  thin,  that  with  a  powerful 
lens  the  ramiii cations  of  the  vessela  and  iJie  structure  of 
the  tissues  may  be  aeeuj  and  from  their  form,  and  dispo- 
sition, we  may  determine  the  particular  kind  of  tree  to 
which  the  specimen  belonged,  although  it  may  have  been 
eni^thrined  in  the  stone  for  agea.  When  bone  is  petrified, 
the  same  phenomena  are  observable  i  the  most  delicate 
parts  of  the  internal  structure  are  preserved,  and  all  tbe 
cells  are  filled  up  with  calcareous  spar,  which  is  oftentimes 
of  a  different  colour  from  that  of  the  walls  of  the  cells,  and 
thufl  a  natural  anatomical  preparation  of  great  beauty  aad 
interest  is  formed. 


35*  Lakm  of  the  Solfataea. — One  of  the  most  cele- 
brated travertine  springs  is  the  lake  of  the  Solfatara,  which 
lies  in  the  Campagna  between  Rome  and  Tivoli,  and  i^  ftsd 
kbj  a  stream  of  thermal  water  that  flows  into  it  from  a 
taeiglibouring  pool  The  water  is  of  a  Iiigli  temperature,  and 
atnrated  with  carhonic  acid  gas,  which,  as  the  water  coola, 

constantlj  escapmg^,  and  keeping  up  an  ebullition  on  the 
Eirtace.  The  stream  that  flows  out  of  the  lake  fiila  a  canal, 
which  18  conspicuous^  at  a  distancCj  from  the  line  of  vaponr 
that  emanates  from  the  water.  The  formation  of  travertine 
m  so  rapid,  that  not  only  the  vegetables  and  shell-fiish  are 
sarrounded  and  destroyed  by  the  calcareous  deposit,  but 
insects  also  are  frequently  incrusteiL  In  the  beautiful 
specimens  of  travertine  before  us  from  the  Solfatara,  vege- 
table impressions  are  distinctly  seen  ;  the  cavities  in  these 
masses  have  been  produced  by  the  decomposition  of  the 
vegetable  matter.* 

A  considerable  number  of  the  edifices  of  both  ancient 
and  modern  Kome,  are  constructed  of  travertine  obtained 
from  the  quarries  of  Ponte  Luecano^  which  lia:^  cleai-ly 
originated  from  a  lake  of  this  nature.  P^stum  is  also 
buHt  of  calcareous  tufa,  derived  from  similar  deposits. 
"  The  waters  of  tliese  lakes,'*  says  Sir  Humphry  Davy,| 
"  have  their  rise  at  the  foot  of  the  Apetmlnes,  and  hold  in 
solution  carbonic  acid,  which  has  dissolved  a  portion  of 
the  calcareous  rocks  tlirough  which  it  has  passjed  ;  the  car- 
bonic acid  is  dissipated  by  the  atmosphere,  and  the  marble, 
slowly  precipitated,  assumes  a  crystalline  form,  and  pro- 
duces coherent  stone.  The  acid  originates  in  the  action  of 
volcanic  fires  on  the  calcareous  rocks  of  which  the  Apen- 
nines are  composed,  and  carbonic  acid  being  thus  evolved, 
rtees  to  the  source  of  the  springs,  and  gives  them  their 
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impregtiationj  and  enables  them  to  diijaolve  a  large  quantitj 
of  ealcareons  matter,*' 

36,  Makble  of  Tabeeez. — In  Persia,  a  beautitul  trans- 
parent  limestone,  called  Tabree^  marble,  is  formed  by 
depQiitioQ  from  a  celebrated  spring  near  Maragha,  where 
the  whole  process  of  its  formation  may  be  seen.  In  one 
part  the  water  is  clear  j  in  another  dark,  muddy,  and  stag- 
naot ;  in  a  third  it  is  yery  thick,  and  ahnost  black  ;  while 
in  the  last  stage  it  is  of  a  snowy  whiteness.  The  petrifying 
pook  look  like  trozen  water  ;  a  stone  thrown  on  them 
breaks  the  crust,  and  the  water  exudes  through  the  open- 
ing ;  and  in  some  states  the  process  has  proceeded  so  far  as 
to  admit  of  walking  on  the  surface  of  the  lake.  A  section 
of  the  stony  mass  resembles  an  ajccnmulation  of  sheets  of 
paper,  being  finely  laminated ;  and  such  is  the  tendency  of 
this  water  to  solidify,  that  the  very  bubbles  on  its  surface 
become  hard,  as  if  they  had  been  suddenly  arrested,  and 
rnetamorpliosed  into  stone.* 

37.  Stalactites,  akd  Caverks. — By  the  infiltration 
of  water  through  limestone  rocks,  into  fissures  and  cavities, 
spariy  concretions  are  produced  on  the  roofs,  sides,  and 
floors  of  caverns.  The  concretionary  masses  which  are 
dependent  from  the  roof  Uke  icicles,  are  called  Maiactites; 
those  which  form  on  the  floor,  from  the  droppings  of  the 
water,  are  termed  stalagmites  i  and  when,  aa  firequently 
happens,  the  two  unite,  a  singularly  picturesque  effect  is 
produced ;  the  caves  appearing  as  if  supported  by  piUars 
of  great  beauty  and  variety. f  Sometimes  a  linear  fissure 
in  the  roof,  by  the  direction  it  gives  to  the  dropping  of  the 
lapidifying  water,  forms  a  perfectly  transparent  curtain  or 
partition.  A  remarkable  instance  of  this  kind  occurs  in  a 
cavern  in  North  America,  called  Weyer's  Cave,  which  is 
situated  in  the  limestone  range  of  the  Blue  Mountains*  J 
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There  ai*e  also  many  caverns  in  Englaod,  celebrateil  for 
the  variety  and  beauty  of  their  aparry  omaments  ;  those  of 
Derhjahire  are  well  known* 

The  Grotto  of  Antiparos  in  the  Grecian  ArehipelugO; 
not  far  from  Paros,  lias  long  been  celebrated*  The  sides 
and  roof  of  its  pririeipal  cavity  are  covered  with  immense 
incrnstations  of  calcareous  spar,  which  form  either  stalac- 
tites, depending  from  above,  or  irregular  pillars  rising  from 
the  floor.  Several  perfect  columns  reaching  to  the  ceiling 
have  been  formed,  and  others  are  still  in  progress^  by  the 
union  of  the  stalactite  from  above,  with  the  stalagmite 
beloTv,  These  being  composed  of  matter  slowly  deposit ed, 
have  assumed  the  most  fantastic  shapes ;  while  the  pure, 
whitCj  and  glittering  spar,  beautifully  catches  and  reflects 
the  bght  of  the  torches  of  the  visitors  to  this  subterranean 
palace^  in  a  manner  which  causes  all  astonishment  to  cease 
at  the  romantic  tales  told  of  the  place- — of  its  caves  of  dia- 
mondsj  and  of  its  ruby  walls  ;  the  simple  truth,  when 
deprived  of  all  exaggeration,  being  sufficient  to  excite 
admiration  and  awe.* 

The  specimens  before  us  will  serve  to  illustrate  these 
remarks:  these  long  stony  icicles  are  from  the  Isle  of 
Portlan<l;  and  these  minute  straws  of  spar  are  from  an 
archway  near  the  Chain  Pier,  and  have  been  formed  by  the 
infiltration  of  rain  tlirough  the  superincumbent  bed  of 
calcareous  rock.  This  mass  of  pebbles,  held  togetlier  by 
cale-spar,  and  containing  bones  and  teeth  of  some  rumi- 
nant, is  from  the  cliffs  at  Kemp  Town,  and  shows,  that  in 
periods  very  remote,  the  same  process  was  in  action  along 
the  Sussex  shores.  These  beautiful  slabs  of  marble  are 
portions  of  stalagmites,  from  St.  Miehaers  Cave,  Gibraltar ; 

*  An  admirable  model  of  purt.  of  the  eelebmUd  Catc  of  Adeliherg, 
descril^ed  by  Sir  H,  Davy,  a^^  the  habitation  of  the  FroteuSt  may  be 
eeea  in  the  Coloeaeum  in  the  Regent's  Park. 
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aod  this  largf^  conical  mass,  which  has  been  cut  through 
and  poll  she  tl  to  show  ite  structure,  was  dug  up  on  tbe 
summit  of  Alfriston  Hillj  in  Sussex,  aad  must  have  been 
foroied  in  Bome  fissure  or  carem  in  the  chalky  of  which  vM 
traces  now  remain. 

38,  CoxsOLiDATiOK  OF  L0O3E  SAXD,  &c. — ^The  changea 
effected  by  this  process  in  strata  composed  of  loose  luate- 
xnals,  are  of  still  gi-eater  importance  j  for  by  an  infiltration 
of  crystaUbsed  carbonate  of  lime,  sand  is  converted  int& 
iand-stoBCj — fra^cnts  of  soft  chalk  are  tmnamuted  into  I 
solid  rock,  as  in  the  Coom he-rock  of  Brighton, — and  aocn" 
mulations  of  beach,  and  gravel,  into  a  hard  conglomerate, 
as  ju  this  example  of  the  ancient  shingle  bed  of  the  eliffi^ 
at  Eottingdean ;— shells,  into  a  building  stone,  as  in  tMa 
mass  fi^jm  Floridaj — and  tbe  detritus  of  shells  and  coml% 
into  limestone,  as  in  these  specimens  from  Bermuda,  Bj 
this  agency,  the  bones  of  animals  are  permeated  with 
calcareous  spar,  and  tbeir  med^ullary  cavities  lined  with 
crjstab  of  carbonate  of  lime  ;  and  clay^  which  has  cracked 
by  drying,  has  its  fissures  filled  up,  and  becomes  coo&oli- 
dated  into  those  curious  masses,  called  neptaria^  which) 
when  polished,  form  the  beautiful  table-slabs  for  which 
Weymouth  is  celebrated, 

39,  Desthuction  of  rocks  by  carbonic  acid  gas,— 
Although,  in  the  instances  above  cited,  water,  by  its  com- 
bination with  carbonic  acid,  occasions  the  solidification  of 
loose  and  porotia  beds  of  detritus,  yet  the  effect  of  this  gW 
on  certain  rocks  is  that  of  disintegration  j  for  by  its  solrent 
influence  on  the  felspar,  granite  itself  is  reduced  to  a  friable 
Btate,  the  quartz  and  mica,  which  with  felspar  constitute 
that  rock,  being  set  at  liberty.  The  disintegration  of 
granite,  is  a  striking  feature  throughout  extensive  district* 
in  Auvergne,  especially  in  the  neighbourhood  of  ClermoBt' 
In  the  ancient  shingle  of  the  cliffs  at  Kemp  Town,  near 
Brighton,  blocks  of  granite  occur  which  may  be  crumbled 
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B  pieceB  between  the  fingers.  I  have  8lread7  shown  jOy 
wiages  of  peTjbles  held  together  bj  calcareoug  fipar,  from 
thfl  Fame  locality ;  we  haye,  tlierefore,  examples  in  that 
ancient  bed^  both  of  the  conservative  and  disintegrating 
i^ects  of  carbonic  acid— cementing  the  loose  beach  into 
solid  blocks  by  calcareous  depositions,  and  when  in  a 
giseoos  state,  or  combined  with  water,  dissolving  the 
ffftnite  by  its  action  on  the  felspar. 

40,  Carbonic  acii>  gas  ent  caves. — The  escape  of  car- 
Ijodc  acid  gas  through  fissures,  into  mines*  wells,  and 
mT^ms,  is  of  frequent  occurrence,  and  as  the  specific  gravity 
ftf  this  gas  is  greater  than  that  of  atniospheric  air,  it  forms  an 
invisible  pool  at  the  bottom  of  these  cavities,  and  ics  presence 
t*  seldom  suspected,  till  shown  by  its  deleterious  effects  ; 
henoe  fatal  accidents  often  happen  to  well-diggers  and 
^CAvators  from  this  cause;*  it  is  called  choke-damp  by 
i^iiners. 

The  Grotto  del  Cane,  near  Puzauoli,  four  leagues  from 
^iples^  haa  for  centuries  been  celebrated  on  account  of 
tte  constant  evolution,  from  fissures  in  the  rock,  of  car- 
t>oiiic  acid  gas  in  combination  with  much  nqueous  vapour, 
*liich  13  condensed  by  the  coldueaa  of  the  external  at* 
'Uosphere,  The  floor  of  the  cavern  being  lower  than  the 
(Entrance,  the  gas  is  spread  over  the  bottom  like  a  pool  of 
Water,  and  the  upper  part  is  free  from  any  noxjoua  vapour ; 
tlie  suffocating  effects  of  the  carbonic  acid  is,  therefore, 
^^t  felt  by  any  creature  who^e  organs  of  respiration  are 
*We  the  level  of  this  mephitic  lake ;  but  if  a  dogj  or  other 
Boiall  animal,  enters  the  eave,  it  instantly  falls  senseless^ 
ij^  would  expire  if  not  speedily  remoyed  :  the  name 
p  the  cave  is  derived  from  the  experiment  being  often 
^^^  m  dogs,  for  the  amusement  of  visitors,!     It  ia  im- 

*  A  faw  pounds  of  quicklime  throwa  into  n.  Will,  quickly  absorb* 
*"**  «ifkini<!  acid  gaa. 

See  SMidya'  Travels ;  Loadon,  16  3  T. 
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possible  to  iire  a  pistol  at  the  bottom  of  the  cavern ;  for, 
though  gunpowder  maj  be  exploded  even  in  carbonic  acid 
by  the  application  of  a  heat  sufficient  to  decompo3€  tbe 
nitre,  and  consequently  to  envelope  the  mass  in  an  atmD- 
sphere  of  oxygen  ga^,  yet  the  influence  of  a  mere  ^park 
from  steel  produces  too  shght  an  augmentation  of  tempera- 
ture for  this  purposre.* 

41.  CoK  sou  DAT  ION  BY  lEON.^ — WatcT  charged  with  a 
large  proportion  of  iron,  acts  an  important  part  in  the  con- 
solidation of  loose  materials,  coni?erting  sand  into  iron- 
stone,  and  beach  or  shingle  into  a  ferruginous  conglomerate- 
On  Clap  ham  Common,  and  in  other  places  in  the  vicinity 
of  London,  large  blocks  of  a  very  compact  breccia  mtux^ 
being  masses  of  chalk-flints  more  or  less  broken  and 
rolled,  cemented  together  by  an  infiltration  of  iron,  1b 
this  example  of  a  horae-shoe  firmly  impacted  in  a  mas?  nf 
pebblen  and  sand,  from  tbe  sea-beach  at  Eastbourn,  ibe 
cement  which  hinds  the  mass  is  derived  from  the  iron* 
Nails  are  frequently  found  in  the  centre  of  a  nodule  of  hard 
sand^^tone  formed  by  this  process  ;  the  nail  having  siippli«d 
the  water  with  the  materid  by  wliich  tbe  sun-ounding  gaud 
has  become  concreted  into  stone,  I  have  here  a  cannon  ball 
imbedded  in  the  centre  of  a  nodule  of  iron-stone,  in  whloli 
are  several  oyster  shells  :  this  specimen  was  dredged  up  off 
the  Sussex  coast,  and  has  evidently  been  consolidated  by 
tbe  partial  oxidation  of  the  iron. 

In  this  mass  of  breccia,  which  has  been  produced  bj 
a  like  process,  are  two  silver  pennies  of  Edward  Ij 
it  wai:s  found  in  1832,  at  a  depth  of  ten  feet  in  the  bd 
of  the  river  Dove,  in  Derbyshire,  Tbe  coins  are  presumed 
to  be  part  of  the  treasures  contained  in  the  militarj 
chest  of  the  Earl  of  Lancaster,  which  was  lost  in  this 
stream  in   1322  ;  the  soldiers  being  alarmed  by  a  sudden 

*  DaubenT  on  Vi^lcaaoes^ 
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panic,  threw  the  chegt  with  all  its  contenta  into  the  Dove, 
^d  it  was  never  recovered.     This  specimen,  with  many 

'  others,  was  dug  up  in  deepening  the  bed  of  the  river  ; 
tuoni  than  five  centuries  have,  therefore^  elapsed  aince 
ita  immersion.*  A  particular  account  of  this  discovery 
U  given  in   the  Penny  Magazine  for  November.  1834 ; 

I  mmy  thousand  silver  coins,  comprising  a  great  vai'ietj  of 

I  tlie  English,  Irish,  and  Scotch  coinage,  of  the  13th  and 
Hth  centuries,   were   found    imbedded   in  a   hard    con- 

I  gkiniertte* 


L<— FmillLtGlKOCFS    FHHOLOHSr&LrB,     COMPOSED     UT      HEAPS    A?4P     KWirE- 
At.Al>£)l  r   fnpM    4    ETR\I<II}£D   »tiIP,   OFF    HlBTlKiin. 

This  curious  specimen  {Lign  9),  for  wliicli  I  am  in- 
debted to  my  friend,  George  Grantham,  Esq.  of  Barcombe 
l^laccj  Sussex,  was  obtained  from  a  Dutch  vessel,  that  was 
Stranded  off  Hastings  a  century  ago,  and  became  imbedded 
in  silt  and  sand*  It  is  a  conglomerate  of  glass  beads, 
knives,  and  sand  ;  the  cementing  material  having  been 
derived  from  the  oxidation  of  the  blades-    From  the  bed  of 


See  the  Vignette  of  the  Title-page. 
G  2 
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the  Thames,  large  masses  of  a  firm  conglomerate  are  occa- 
sionallj  dredged  up,  in  which  Roman  coins,  and  fragments 
of  pottery,  are  imbedded  ;  the  stone  being  formed  of  sand 
and  clay  solidified  by  ferruginous  infiltration. 

These  specimens  of  oxide  of  iron  were  dug  up  in  a 
marshy  soil,  near  Bolney,  in  Sussex,  and  are  of  the  same 
nature  as  the  substance  called  bog-iron  ore,  which  so  fre- 
quently occurs  in  peat.  Specimens  of  bog-iron  are  not 
uncommon  in  the  superficial  loam  and  gravel  of  the  south- 
east of  England.  The  ebony  colour  of  the  woods  from 
Ireland,  which  we  have  already  examined,  has  been  de- 
rived from  an  impregnation  of  iron. 

The  consolidation  of  sand,  gravel,  and  other  detritus,  by 
this  agency,  is  taking  place  everywhere ;  on  the  shores 
of  the  Mediterranean;  on  the  coasts  of  the  West  India 
Islands,  and  of  the  Isle  of  Ascension ;  and  on  the  borders  of 
the  United  States ;  thus  the  remains  of  man,  at  Guadaloupe 
— of  turtles,  in  the  Isle  of  Ascension — of  recent  shells,  and 
bones  of  ruminants,  at  Nice — of  ancient  pottery  in  Greece 
— and  of  animal  and  vegetable  substances,  in  our  own 
country,  have  become  imbedded  and  preserved. 

I  now  proceed  to  notice  a  few  instances  of  these  simple 
but  important  operations,  by  which  much  of  the  solid 
crust  of  the  globe  is  continually  being  renewed. 

42.  Recent  limestone  op  the  Bermudas.  —  The 
shores  of  the  Bermuda  Islands  afford  interesting  examples 
of  this  class  of  deposits  in  different  states  of  consolidation. 
The  sea  surrounding  the  Bermudas  abounds  in  corals  and 
shells  ;  and  from  the  action  of  the  waves  on  the  reefs,  and 
on  the  dead  shells,  the  water  becomes  loaded  with  calcareous 
matter.  Much  of  the  detritus  is  transported  to  a  distance, 
and  subsides  in  the  profound  depths  of  the  ocean,  imbed- 
ding the  remains  of  animals  and  vegetables ;  but  a  great 
portion  is  borne  by  the  waves  towards  the  shores,  and  cast 
up  on  the  strand  in  the  state  of  fine  earth  and  sand.     This 


detritus  is  blown  inland  bj  the  winda,  and  is  Boon  con^ 

aolidated  by  the  percolation  of  water,  and  the  infiltration 
of  crjatallized  carbonate  of  lime ;  a  fine  white  calca- 
reous stone  is  thus  formed,  which  in  some  localities  is 
auflicientlj  compact  for  building.  In  this  rock  are  nu- 
meroua  shells  and  corals,  of  species  which  inhabit  the 
neighbouring  seas ;  in  some  instances  the  large  mottled 
trochuSj  BO  well  known  to  collectors  both  in  its  natural  and 
polished  state,  with  all  its  colours  preserved,  is  imbedded 
in  a  pure  white  Umestone.  In  many  specimens  the  coloura 
are  fadedj  and  the  shells  very  much  in  the  state  of  those 
Ibund  in  the  tertiary  strata  at  Orignon  ;  in  others  the  sheUy 
matter  is  wanting,  bat  the  hard  stone  retains  the  forms  and 
markings  of  the  originals.  The  corals  are  imbedded  in  a 
similar  manner ;  and  masses  occur  in  the  limestone  so  like 
the  fossil  corals  of  the  oolite  of  this  country,  that  it  require* 
an  experienced  eye  to  detect  their  real  nature. 

In  a  suite  of  specimens,  showing   the  transition  from 
loose  sand  to  solid  rock,  we  have — 

1.  Broken  ghelk  and  coralfi,  retaixLiug  their  oolouii^, 

2.  Similar  matorialB,  more  comminuted  and  completely  bles^ed- 
An  aggregation  of  fine  sand  aivd  white  earthy  broken  shells^  and 

corals* 
Friable  limestone,  resonibliiig  aofi  chalky  and  compoBcd  of  com- 

minuted  comk^  ko. 
5,  H&rd  Ume^tone,  of  elmilar  matarials^ 
6^.  Compact  limestone,  enveloping  shells  und  pebblea. 
7»  A  fine  ind orated  limestone,  ho  hard  aa  to  be  with  difficulty  broken 

by  the  hamjner,  inclosing  a  few  ahella  and  coral  a:  tbia  stone  h 

employed  for  building  .* 


I  this  Imre  calcareous  roct  the  coffee- plant  finds  sufficient  sup- 
port, and  is  seen  in  many  places  growing  luiurlantly^  ita  atems  shoot- 
ing out  from  between  the  crevices  of  the  etone*  In  the  botanic  gardens 
at  Eew  are  several  coffoc-planta  from  Bermuda,  growing  on  blocts  of 
thii  rock. 
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In  the  lakes  of  Forfarshire,  in  Scotland,*  fresh- water 
limeatone,  containing  recent  shells  and  aquatic  plants^  ia 
in  progress  of  formation.  I&  the  specimens  before  us^ 
which  were  collected  by  Mr,  Lyell,  are  various  species 
of  fresh -water  shells,  and  masses  of  that  common  lacus^ 
trioe  plant,  the  C liar  a  medicaginulu^  beautifully  preserved  j 
even  the  minute  seed-vessels  of  the  chara  are  converted 
into  stonCj  in  precisely  the  same  manner  as  those  in  the 
ancient  fresh- water  tertiary  limestones. f  Here  then  is  an 
example  of  the  fonnatlon  of  a  modern  lacustrine  rock; 
whilcj  in  the  recent  limestones  of  Bermuda,  we  have  proof 
that  the  sea  is  at  thiw  time  forming  shelly  and  coralline 
rocks,  analogous  to  many  of  the  ancient  secondaiy  stratiL 

48-  Fossil  human  skeleton s*: — Similar  aggregations 
are  in  progress  along  the  shores  of  the  whole  West  Indian 
Archipelago  ;  and  in  St,  Domingo  they  have  greatly  ex- 
tended the  plain  of  Cayes,  where  accumulations  of  con- 
glomerate occurj  and  in  which,  at  the  depth  of  twenty 
feet,  fragments  of  ancient  pottery  have  been  discovered. 


A  B 

LlOH,   iO.— PlAS   Qf  THK  C LIFTS  AT  GUApAtOtf !•». 

A,  AnclBDt  roeisi;  B,  recent  Jimeitane,  in  whleb  human  sfcclelotu  are  rbmid 
tmbedded. 

On  the  north-ea«t  coast  of  the  main  land  of  Guadaloupe, 

*  Geological  Transact! ons^  vol.  L  p.  73;  now  sericB, 
f  See  Geological    EjEcuraions  round  tbo    Isle  of  Wight,  p.  109; 
MedaU  of  Creatioa,  vol,  L  p,  188, 
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a  bed  of  recent  limeatone  forms  a  aloping  bank^  from  the 
steep  difFs  of  the  island  to  the  sea,  and  is  nearly  all  sub- 
merged at  high  tides.  This  modern  rock  is  composed 
of  consolidated  sandj  and  comminuted  shells  and  corals  of 
species  now  inhabiting  the  adjacent  seas ;  land  shells,  fr&g- 
ments  of  pottery,  stone  arrow-heads,  carved  stone  and 
wooden  omaraeutSj  and  human  skeletons,  are  occasionally 
found  imbedded  in  it.  This  being  the  first  known  un- 
doubted example  of  the  occurrence  of  human  bones  in  solid 
lim^tone,  excited  great  attention  i  and  the  fact,  simple  and 
self-evident  as  is  its  explanation j  was  made  the  founda- 
tion of  many  vague  and  absurd  hypotheses* 

In  most  instances  the  hones  are  dispersed ;  but  a  large 
slab  of  rocks  in  which  a  considerable  portion  of  the  ske- 
leton of  a  female  is  imbedded,  is  preserved  in  the  British 
Museum,  and  has  been  described  by  Mr,  Konig,  in  a  highly 
interesting  memoir,  published  in  the  Philosophical  Trans- 
actions of  1814.  The  annexed  repreaentation  (Lign.  11) 
will  convey  an  idea  of  this  celebrated  relic,  which  waa  de- 
tached fi^m  the  rock  at  the  Mole,  near  Point-a-Pitre. 

In  this  specimen  the  skull  is  wanting,  but  the  spinal 
column,  many  of  the  ribs,  the  bones  of  the  left  arm  and 
hand,  of  the  pelvis^  and  of  the  thighs  and  legs,  remain. 
The  bones  still  contain  some  animal  matter,  and  the  whole 
of  their  phosphate  of  lime*  It  is  remarkable,  that  the  frag- 
ments of  the  skuU  of  this  very  specimen  have  recently  been 
purchased  for  the  museum  at  South  Carolina,  of  a  French 
naturalist,  who  brought  them  from  Guadaloupe  j  and  they 
have  been  described  by  Professor  Moultrie,  of  the  MediAl 
College  of  that  State.  These  relics  consist  of  portions  of 
the  temporal,  parietal^  frontal^  Hphenoidnf,  and  inferior 
mamlhry  bones,  of  the  right  side  of  the  skuU,  An  entire 
skeleton  was  also  discovered  in  the  usual  position  of  burial; 
and  another,  in  a  sitting  posture,  in  a  aofter  sandstone. 
The  bodies,  thus  differently  situated,  may  have  belonged  to 
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distinct  tribes^  General  Eroouf,  who  care  full j  investi- 
gated tbis  interesting  deposit^  conjectured  that  the  presence 
of  the  bones  might  be  explained  by  the  eircimistance  of  a 
battle^  and  the  massacre  of  a  tribe  of  GaOibis  by  the  Caribsj 
which  took  place  near  tliis  spot,  about  120  years  ago  ;  for 
as  the  bodies  of  the  slain  were  interred  on  the  aea-shorsj 
their  skeletons  may  have  subsequently  been  covered  by  sand* 


LmN   11.— Fossil  bvman  KKSLETOif»  faou  Guaisaloupe. 
In  the  liitlili  Moseum  j  slza  of  the  orl^bial,  4  feet  2  inches  by  2  feet* 

drifts  which  has  since  consolidated  into  limestone-  Dr, 
Moultrie,  however,  from  a  rigorous  examination,  and  com- 
parison of  the  bones  of  the  skull  in  hia  possession,  is  of 
opinion,  that  the  specimen  in  the  British  Museum  did  not 
belong  to  an  individual  of  the  Carib,  but  to  one  of  the 
Peruvian  race,  or  of  a  tribe  possessing  a  similar  cranio- 
logical  development. 


f«. 


FOSSIL  HUMilK  SKELETONS. 


In  another  stdetoo  from  Guaduloupe,  now  in  tlie  museum 
of  the  Jar  din  des  Plant  ts^  and  represented  in  the  last 
edition  of  Cuvier'a  TMark  de  lu  Terre,  the  figure  is  bent, 
^e  spine  forms  au  atc^  aud  the  thighs  are  drawn  up  as  if 
the  individual  were  in  a  sitting  posture ;  a  portion  of  the 
upper  jaw,  and  the  left  half  of  the  lower  with  several  teeth^ 
nearly  the  whole  of  one  side  of  the  trunk  and  pelvis,  and  a 


^^€on 
^^d 


In  the  Museum  at  Paris. 

considerable  portion  of  the  upper  and  lower  left  extremities, 
preserved  (Lifjn.  12).  The  stone  incloses  terrestrial 
id  marine  shelb  ;  it  ia  evident  that  the  former  have  been 
drifted  by  gtreains  from  the  interior,  and  the  latter  depo- 
sited hj  the  sou.  In  the  bed  from  which  thia  block  was 
extracted,  were  found  teeth  of  the  Caiman  (a  species  of 
crocodUe),  stone  hatchets,  and  a  piece  of  wood,  having 
mdelj  sculptured  on  one  side  a  mask,  and  on  tlve  other  the 


90  THE  WONDERS  OP  GEOLOGY.  I^ct.L 

figure  of  an  enormous  frog ;  it  is  of  guaiacuir^  but  has  be* 
coine  extremely  hard,  and  as  black  as  jet>* 

Human  skeletons  have  abo  been  found  in  solid  c^ca- 
reous  tufa  near  Santa  in  Peru.  Bones,  belonging,  it  13 
Gomputedj  to  some  scores  of  individual,  "were  discovered 
imbedded  in  travertine,  containing  fragments  of  marine 
shells  which  still  possess  colour.  The  bed  of  stone  is 
covered  hy  a  deep  vegetable  soil,  and  forms  the  face  of  t 
hiH  crowned  with  brushwood  and  large  trees,  on  the  side  of 
the  river  Santa,  f 

44.  Isle  of  Ascension. — In  the  Isle  of  Aacension^ 
which  is  a  volcanic  cone  in  the  midst  of  the  Atlantic, 
and  appears  to  have  been  a  dome  of  tr  achy  tic  rocta, 
ytibsequently  affording  vent  to  lava  currents,  a  recent 
deposit  of  conglomerate  is  going  on.  Its  coasts  arc 
flanked  by  accumulations  of  concreted  sand  with  com- 
minuted ahellSj  corals,  echini,  and  fragments  of  lava.  Use 
specimens  before  us  are  portions  of  this  modern  rock 
in  various  states  of  consolidation  ;  they  are  composed  of 
corals,  which  still  retain  their  colour  ;  of  shells,  more  or 
less  broken ;  and  of  sand  of  similar  materials ;  they 
also  contain  pebbles  of  trachytic  and  glassy  lava.  The 
shores  of  this  island  are  a  favourite  resort  of  turtles,  which 
repair  thither  in  immense  numbers,  and  deposit  their  eggs 
in  the  loose  sand  ;  the  rapid  conversion  of  the  eoafse 
calcareous  banks  into  solid  stone,  occasions  the  frequent 
imbedding  and  preservation  of  the  eggs  ;  and  there  are 
specimens  in  the  cabinet  of  the  Geological  Society,  in 
which  the  bones  of  young  turtles^  just  on  the  point  of 

*  tn  the  former  editionfl  of  thii  wort  ft  notice  was  given  of  Hooe 
supposed  impriat«  of  human  feet  on  limestone,  figured  and  descriM 
in  an  early  volume  of  the  American  Journal  of  Sdence,  These  smA- 
inga  have  since  heen  carefully  eatamiued  by  Dr.  Dak  Owcu,  of  New 
Harmony,  and  prove  to  have  been  acnlptured  by  the  Aborigiues* 

t  American  Pbilosophical  Transactions  for  1828,  p*  283. 


iu. 


DRIFTED  SAND.  91 


being  hatched,  are  preeerved*  The  conglomerate  of  the 
Isle  of  Ascension  is,  m  you  may  observe,  principaUy  com- 
posed of  corala.  Here  we  have  another  example  of  a  rock 
formed  of  the  calcareous  skeletons  of  those  wonderful  forms 
of  organic  existence;  but  it  is  not  mj  intention  in  this  place 
to  dwell  on  the  geological  changes  produced  bj  zoophytes 
in  the  formation  of  coral  reefs,  8ec.,  as  the  examination  of 
the  recent  and  fossil  corals  will  form  the  subjeel  of  a 
subsequent  Lecture, 

45.  Drifted  sand. — We  have  already  alluded  to  the 
encroachments  on  the  land  by  the  drifting  of  saud-banks 
thrown  up  beyond  the  reach  of  the  tide,  and  driven  by  the 
winds  inland ;  thus  effecting  the  desolation  of  whole  regions 
by  their  slow,  but  certain  progress,  Egypt  instantly  pre- 
gents  herself  to  the  imagination,  with  her  stupendous 
pyramids,  the  sepulchres  of  a  mighty  race  of  raonarchs, 
and  the  wonder  of  the  world — her  temples,  and  palaces, 
once  so  splendid  and  massive,  as  to  bid  defiance  to  the 
ravftge-s  of  time— her  plains,  and  valleys,  formerly  teeming 
with  abundances  and  supporting  a  numerous  population — 
now  stripped  of  her  ancient  glories,  her  fairest  regions 
depopulated,  and  converted  into  arid  wastes,^ her  cities 
overwhelmed,  and  prostrate  in  the  dust— and  the  colossal 
monuments  of  her  kings,  and  the  temples  of  her  gods,  half 
buried  beneath  the  sands  of  tlie  Deseit  1 

The  drifting  of  the  sands  of  the  Lybian  desert  by  the 
westerly  winds,  observes  M,  De  Luc,  has  left  no  lands 
capable  of  cultivation  on  those  parts  of  the  western  bank 
of  the  Nile  which  are  not  sheltered  by  mountains  ;  while 
in  Upper  Egypt,  whole  districts  are  covered  by  moveable 
sandd,  and  here  and  there  may  be  seen  the  summits  of 
temples,  and  the  ruins  of  cities  which  they  have  over- 
whelmed. **  Nothing  can  be  more  melancholyj"  says 
Denon,  "than  to  walk  over  villages  swallowed  up  by  the 
sand  of  the  Desert,  to  trample  under  foot  their  roofs  and 
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minaretSj  and  to  reflect  that  j^onder  were  cultivated  field% 
that  there  grew  trees,  that  here  were  the  dwellings  of  meiii 
and  that  all  have  now  vanisbed.  The  sands  of  the  Deaert 
were  in  ancient  times  remote  from  Egjpt ;  and  the  Oases 
which  at  ill  appear  in  the  midst  of  this  sterile  region,  are 
the  remains  of  fertile  soila  which  formerly  extended  to  the 
Nile."* 

In  the  maritime  pljuas  and  valleys  of  Peru  the  same 
cause  is  operating  slowly,  but  with  unremitting  energy; 
the  sea-sands  are  marchiiig  incessantly  before  the  trade 
wind,  and  threaten  ultimate  desolation*  The  sand  1ms 
already  surmounted  the  lofty  hi  Us  which  form  the  southern 
boundary  of  the  beautiful  valley  of  Lurin,  and  is  flowing 
down  in  large  waves  over  the  cultivated  ground-  The 
same  phenomenon  is  observable  on  the  elevated  plain  which 
is  called  the  Tablada,  where  the  tops  of  the  hills  appear 
like  Egyptian  oases,  and  whence  the  eaad  is  pouring  down 
in  enormous  floods  over  the  sugar  plantations  of  San  Juaa 
and  Villa,  in  the  valley  of  Rimacj 

46.    FORMATIOK  OP   BECEKT    SANDSTO?fE   IN  CORJTWALL* 

— On  many  parts  of  the  shores  of  Scotland,  sand-floods 
have  converted  tracts  of  great  fertility  into  barren  wastes ; 
and  on  the  northern  coast  of  Cornwall  an  extensive  district 
has  been  covered  by  drifted  sand,  which  has  become  con- 
solidated by  the  percolation  of  water  holding  iron  in  solu- 
tion, and  in  some  places  forms  ranges  of  low  mounds,  and 

•  Bee  an  Easaj  on  the  Moving  Sands  of  Ati-ica,  in  Ptofesior  Jamic' 
Bon*a  TransUtion  of  Cuvier^s  Theory  gf  the  Earth,  p.  375.  Sir  0. 
Wilkinson,  in  hi  a  highly  iutei-eatitig  work,  questions  the  eorrectneii 
of  these  infereneeai  as  to  the  extent  of  the  s&nd-flooda^  and  osseriMt 
that  at  the  present  time  the  alluvial  aoil  is  on  the  imsreaec,  the  depodto 
from  the  iaundatioM  of  the  Nile  more  than  counterbalancing  Uw 
inroads  of  the  aand^i  and  that  the  land  now  capable  of  cultivation  In 
the  Talley  of  Egypt  is  greater  than  at  the  time  of  the  Pharaoha,— 
Manners  and  Customs  of  iJt^  Ancte^U  Egi/piimi^i  voL  i.  pp.  218^228- 

+  Blackwood's  Edinburgh  Magazine  for  Maroh,  1839, 


hilld  forty  feet  high.  This  Bandatone  ia  an  interesting 
example  of  a  recent  formation^  and  has  been  described  by 
Dr.  Paris,  (the  distinguished  President  of  the  College  of 
Physician Sj)  in  one  of  the  most  graphic  and  instructive 
essays  on  modern  deposits  that  has  appeared  in  this 
country.*  The  sand  has  evidently  been  drifted  from  the 
sea  by  hurricanes j  probably  at  a  very  remote  period  ;  it  is 
first  seen  in  a  slight,  but  increasing  state  of  aggregation, 
on  several  parts  of  the  ahore  in  the  Bay  of  St.  Ives* 
Around  the  promontory  of  New  Kaye,  the  sandstone 
occurs  in  various  degrees  of  induration,  from  that  of  a 
friable  aggregate,  to  a  stone  so  compact,  as  to  be  brokeii 
with  dithculty  by  the  hammer,  and  which  i^  used  in  the 
construction  of  buildings.  Upon  examining  the  stone 
with  a  lens,  it  appears  to  be  principally  made  up  of  com- 
minuted shells  ;  and  it  is  worthy  of  remark,  that  the  sheUy 
particles  are  frequently  spherical,  from  tlie  previous  opera- 
tion of  water  ;  and  some  portions  of  the  rock  closely 
resemble  the  ancient  limestone  called  oolite^  which  will 
hereafter  come  under  our  notice.  The  rocks  upon  which 
the  sandstone  reposes  are  clay-slate,  and  slaty  limestone ; 
and  the  water  effecting  their  decomposition  may  have  thus 
obtained  the  iron,  alumina,  and  other  mineral  matters  by 
which  the  loose  sand  has  been  converted  into  sandstone* 
The  infiltration  of  water  thu^  impregnated  is  a  common 
and  extensive  cause  of  lapidification  :  at  Pendean  cove, 
granitic  sand  is  gradually  hardening  into  breccia,  by  this 
process  ;  and  in  the  island  of  St.  Mary,  is  becoming  indu- 
rated by  the  slow  action  of  this  chalybeate. 

47*  Siliceous  deposits. — Silex,  or  the  earth  of  fiint, 
a  combination  of  the  metallic  base  called  silicon  with 
oxygen,  is  a  mineral,  which  constitutes  so  large  a  portion 
of  the  rocks  and  strata,  that  it  is  computed  to  form,  either 

•  Appendisc  E. 
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in  a  pure  or  combined  state,  nearly  one-half  of  the  solid 
crust  of  the  globe.  The  flints  from  our  chalk  cliffs,  the 
boulders  and  gravel  on  our  sea-shores,  and  the  pebbles  of 
agate,  quartz,  and  chalcedony,  are  well-known  examples  of 
the  usual  varieties  of  silex. 

I  scarcely  need  observe,  that  this  nodule  of  flint,  obtained 
from  a  neighbouring  chalk-pit,  has  once  been  in  a  soft  or  fluid 
state;  for  there  are  many  sharp  impressions  of  shells,  and  of 
spines  of  an  echinus,  on  its  surface.*  We  have  already  seen 
that  water  impregnated  with  carbonic  acid  gas  is  capable 
of  holding  lime  in  solution,  and  that  travertine,  limestone, 
and  other  calcareous  deposits,  have  originated^  from  this 
agency ;  and  although,  even  in  the  present  advanced  state 
of  chemical  knowledge,  we  are  but  imperfectly  acquainted 
with  the  process  by  which  any  considerable  proportion  of  flint 
can  be  dissolved  in  water,  yet  we  have  unquestionable  proofs, 
that  the  solution  of  siliceous  earth  has  been  eflected  by 
natural  processes,  on  a  very  extensive  scale.  At  the 
present  moment,  Nature,  in  her  secret  laboratories,  is  still 
carrying  on  a  modification  of  the  same  process  ;  and  of  this 
fact  we  have  remarkable  instances  in  the  Geysers  of  Ice- 
land, and  in  the  Azores,  and  in  New  Zealand.  A  high 
temperature  appears  necessary  to  enable  water  to  hold  in  so- 
lution a  large  quantity  of  silex ;  for  we  find  that  the  thermal 
springs  of  volcanic  regions  are  the  only  agents  by  which 
siliceous  deposits  and  incrustations  are  at  present  pro- 
duced. The  difference  between  the  modern  siliceous  sinter^ 
and  the  flint  of  the  cretaceous  strata,  appears  to  be  refer- 
able to  the  subaerial  deposition  of  the  former,  and  the  sub- 
marine formation  of  the  latter. 

48.  The  Geysers  of  Iceland. — The  Geysers,  or  in- 
termittent boiling  fountains,  of  Iceland,  have  long  been 


»  See  "  Thoughts  on  a  Pebble ;    or,  a  First  Lesson  in  Gteology.' 
Seventh  edition ;  1846. 
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celebrated  for  possessing  tliis  property  in  an  extraordinary 
degree  j  holding  a  large  quantity  of  silex  in  solution, 
and  depositing  it^  wben  cooling,  on  vegetables  and  other 
substance M,  in  a  manner  similar  to  that  in  which  travertine 
13  precipitated  by  the  in  cm  sting  springs  of  which  we  have 
already  spoken*  Iceland  may  be  considered  as  a  mass  of 
volcanic  matter  ;  the  only  substances  not  of  igneous  origin 
in  the  whole  island,  being  deposits  of  aurturbrand,  or  bitu- 
minous woodj  in  vrhich  occur  leaves,  trunks,  and  branches 
of  trees,  with  clay  and  ferruginous  earth.  These  strata 
support  alternating  beds  of  basalt,  tufa,  and  lava,  which  form 
the  summit  of  the  biU  in  which  the  vegetable  remains 
occur. 

The  Geysers,  of  which  there  are  a  considerable  number, 
are  springs,  or  rather  intermittent  fountain^,  of  hot  water, 
which  issue  from  cre\dcea  in  the  lava.  A  jet  of  boiling 
water,  accompanied  with  a  great  evolution  of  vapour^  first 
appears,  and  is  ejected  to  a  eoiisidcrable  height ;  a  volume 
of  steam  succeeds,  and  is  thrown  up  with  prodigious  force, 
and  a  terrific  noise  like  that  produced  by  the  escape  of 
vapour  from  the  boiler  of  an  engine*  This  operation  con- 
tinues sometimes  for  more  than  an  hour,  when  an  interval 
of  repose  of  uncertain  duration  succeeds,  after  which  the 
same  phenomena  are  repeated*  If  stones  are  thrown  into 
the  mouth  of  the  cavity  from  which  the  fountain  has  issued, 
they  are  ejected  with  violence  after  a  short  interval,  and 
again  jet^s  of  boiling  water,  vapour,  and  steam,  appear  in 
succession.  The  eruptions  of  the  "great  Geyser,"  wit- 
nessed by  Sir  G*  S.  Mackenzie,*  wxre  preceded  by  a  sound 
like  the  distant  liischarge  of  heavy  orduance,  and  the  ground 
shook  sensibly  ;  the  sound  was  rapidly  repeated j  when  the 
water  in  the  basin,  after  heaving  several  times,  suddenly 


*  Travels  in  Iceland,  in  ihe  summer  of  the  year  1810,  hj  Sir  George 
St^uart  Mackenzie,  Rart, 
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rose  in.  a  large  column^  accompanied  by  clouds  of  steam, 
the  height  oB  ten  or  twelve  feet.  The  column  seemed 
burst,  and  sinking  downj  produced  a  wavCj  which  can 
the  water  to  overflow  the  basin.     A  succession  of  eight 
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or  twenty  jets  now  took  place,  some  of  which  rose  t 
height  of  from  fifty  to  ninety  feet.  After  the  last  er 
lion,  which  was  the  moat  violent,  the  water  suddenly  i 
appeared,  and  sunk  down  the  pipe  in  the  centre,  to  a  de 
of  ten  feet ;  but  in  the  course  of  a  few  houj*9  the  phi 
aena  were  repeated,  and  with   increased  energy. 
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basin  of  the  **  great  Geyser^  is  an  iireguUtr  oval,  al^o^t 

tfifty-six  feet  by  forty-aix,  forined  of  a  mound  of  siliceous 
Fieposits  about  seven  feet  high ;  the  channel  through  which 
the  water  is  ejected  being  sixteen  feet  in  diameter  at  the 
opemng,  but  eoutracting  to  ten  feet  lower  down ;  ita  per- 
pendicular depth  is  eBtimated  at  sixty  feet. 

Sir  G.  S.  Mackenzie  has  proposed  an  ingenious  expla^ 
nation  of  these  phenomena,  which  the  diagram  in  the 
preceding  page  will  serve  to  illustrate.  It  is  supposed  that 
the  water  from  the  suriace  percolates  through  crevices 
{Ligtu  I3j  Uj)  into  a  cavity  in  the  roek  {&),  and  heated 
Bteanjj  produced  hj  volcanic  agency,  rises  through  fissures 
in  the  lava  beneath  (a,  c),  The  steam  becomes  in  part 
condensed,  and  the  water  filling  the  lower  part  of  the 
cavity  {d)  m  raised  to  a  boiling  temperature,  while  vapour 
under  high  pressure  occupies  the  upper  part  of  the  chasm* 
The  expansi%^e  force  of  the  steam  becomes  gradually  aug* 
men  ted,  and  at  length  drives  the  water  up  the  fissure  or 
pipe  {e}^  and  a  boiling  fountain  with  jets  of  vapour  is  pro- 
duced;  this  continues  playing  till  aU  the  water  in  the 
reservoir  is  expended,  when  the  steam  itself  escapes  with 
greM  violencej  till  the  supply  is  exhausted,* 

The  siliceous  concretions  formed  by  these  springs  cover 
an  extent  of  four  leagues.  M.  Eugene  Robert  states,  that 
this  curious  formation  may  be  seen  passing  by  insensible 
gradations  from  a  loose  friable  state,  the  result  of  a  rapid 
deposition,  to  the  most  compact  and  transparent  masses,  in 
which  impressions  of  the  leaves  of  the  birch-tree,  and  por- 
tions of  the  stems,  are  distinctly  perceptible,  presenting  the 
appearance  of  the  agatized  woods  of  the  West  Indies, 
Bushes,  and  various  kinds  of  mosses,  converted  into  a  white 
siliceous  rock,  in  which  the  mi tm test  fibres  are  preserved, 
alao  occur  t  but  on  the  margin  of  the  Geysers,  from  the 


*  Traveln  in  Iceland,  p,  229. 
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Splashing  of  the  water,  the  depositions  resemble  large  cauli- 
flowers; and  on  breaking  these  masses,  vegetable  impres- 
sions are  often  discovered.  Numerous  thermal  springs 
occupy  the  valley  in  the  interior  of  the  island,  in  the 
midst  of  which  the  Greysers  are  situated  ;  it  is  evident  that 
these  waters  rise  from  deep  crevices,  in  which  they  have 
been  heated  by  volcanic  fires.  The  rivers  proceeding  from 
the  springs  often  resemble  milk  in  appearance,  owing  to  the 
argillaceous  bole  which  they  take  up  in  their  passage  among 
the  siliceous  concretions :  such  are  the  white  rivers  of 
Olassai.  Mount  Hecla,  like  all  the  mountains  of  Iceland, 
is  entirely  covered  with  snow,  and  no  smoke  appears  on  its 
summit  Accumulations  of  rolled  masses  of  obsidian  and 
pumice-stone  form  a  layer  on  the  flanks  of  the  mountain, 
thirty  feet  thick;  stems  and  branches  of  the  birch-tree 
occur  in  the  midst  of  this  bed  ;  they  are  the  remains  of 
the  ancient  forests  of  the  island,  which  the  volcanic  erup- 
tions have  entirely  extirpated.* 

49.  Siliceous  thermal  waters  op  New  Zealand.— The 
phenomena  under  review  are  being  effected  at  the  present 
moment,  on  a  much  grander  scale,  in  the  volcanic  districts 
of  New  Zealand.  The  principal  volcanic  mountain  of  that 
country  is  Tongariro,  which  has  an  elevation  of  6200  feet 
above  the  level  of  the  sea.  Its  crater  is  a  quarter  of  a  mile 
in  diameter,  and  very  deep ;  the  sides  are  precipitous,  and 
in  some  places  overhanging,  and  the  entire  area  is  always 
covered  with  steam.  From  this  crater  streams  and  torrents 
of  boiling  water  and  vapour,  highly  charged  with  silex,  are 
constantly  issuing  forth,  and,  flowing  down  the  flanks  of  the 
mountain  in  cascades  and  torrents,  empty  themselves  into 
lakes  near  its  base,  and  deposit  in  their  course  siliceous 
sinter  in  great  abundance,  incrusting  leaves,  branches,  and 
other  extraneous  substances.  The  whole  of  the  surrounding 

*  Bulletin  de  la  Soci^tg  G6ologique  de  France. 
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country  for  several  miles,  is  studded  with  lakes  and  pools, 
and  fountains  of  hot  and  boiling  water  ;  and  groups  of  mud 
ponds,  or  stufas,  occur  in  considerable  numbers.  Some  of 
the  boiling  torrents  of  the  mountain  find  their  way  to 
the  delta  of  the  river  Waikato,  and  cover  a  space  of 
two  miles  square  with  an  assemblage  of  thermal  springs. 
The  surface  of  this  area  appears  to  be  only  a  thin  crust 
of  pumice  and  a  friable  sulphureous  earth,  with  chalce- 
donic  and  siliceous  incrustations,  spread  over  volcanic 
caverns. 

The  most  stupendous  of  these  boiling  pools  is  partly 
surrounded  by  a  cliff  sixty  feet  high,  which  is  oxidized, 
corroded,  and  undermined  from  the  effects  of  the  heated 
vapours,  which  are  continually  issuing  forth  in  jets.  At 
the  base  of  this  cliff  the  pond  is  constantly  boiling  with  a 
white  foam,  and  throwing  up  fountains  eight  or  ten  feet 
high,  with  great  noise  and  violence.  Silex  is  thrown  down 
by  the  boiling  waters  in  the  state  of  stalagmitic  concretions, 
and  this  deposit  resembles  in  colour  and  solidity  the  flint 
of  the  English  chalk.  This  generally  insoluble  mineral  is 
here  held  in  solution  by  the  alkaline  elements  and  very  high 
temperature  of  the  water. 

"  Another  and  still  more  striking  example  of  a  thermal 
lake,"  observes  Dr.  Dieffenbach,  from  whose  interesting 
work  on  New  Zealand  the  preceding  notice  is  taken,  "  is 
that  of  Rotu-Mahanu.  Imagine  a  deep  lake  of  a  blue  colour 
surrounded  by  verdant  hills,  and  in  this  lake  several  islets, 
some  showing  the  bare  rocks,  while  others  are  covered 
with  shrubs ;  while  on  all  of  them  steam  issues  from  a 
hundred  openings  between  the  green  foliage  without  im- 
pairing its  freshness.  On  the  opposite  side  is  a  flight  of 
broad  steps  of  the  colour  and  aspect  of  white  marble  with 
a  rosy  tint  from  siliceous  incrustations,  over  which  flowed 
a  cascade  of  boiling  water  into  the  lake.  A  part  of  this 
lake  is  separated  from  the  rest  by  a  ledge  of  rocks,  forming: 
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a  lagoon  in  a  state  of  ebullition,  which  discharges  its 
waters  into  the  Rotu-Mahanu.*'* 

These  modern  siliceous  formations  are  facts  of  great 
interest  and  importance ;  for  they  prove,  in  the  clearest 
manner,  that  the  most  insoluble  and  refractory  substance 
may  be  reduced  to  a  liquid  state,  and  again  become  con- 
solidated, and  assume  numerous  modifications,  merely  by 
the  agency  of  thermal  waters ;  hence  the  envelopment  of 
the  delicate  corals,  shells,  &c.  which  are  so  abundant  in 
chalk  flints,  is  readily  explained. 

50.  Artificial  solution  of  silex. — The  natural 
processes  above  described,  have  been  successfully  imitated 
in  a  series  of  experiments,  conducted  with  great  sagacity 
by  Mr.  Jeffery,  with  the  view  of  determining  whether 
silex  is  soluble  in  heated  water,  without  the  presence  of 
alkalies,  or  other  chemical  agents.  The  following  is  a 
concise  account  of  these  important  experiments. 

A  large  boiler,  used  for  vitrifying  brown  stone-ware, 
was  heated  by  four  exterior  furnaces,  each  six  feet  long 
and  five  wide.  Between  each  of  these  furnaces  and  the 
kiln  a  deep  pit  was  made,  and  filled  to  a  height  of  three  feet 
with  water,  which  was  renewable  from  without.  Some  fels- 
pathic  and  siliceous  minerals  were  placed  in  the  direction 
of  the  current  just  within  the  kiln  ;  and  upon  some  of  the 
arches  a  few  earthenware  vessels  were  placed,  that  any 
action  upon  them  might  be  observed.  Below  a  full  red 
heat  but  little  effect  was  perceived  ;  but  at  a  temperature 
above  that  of  fused  cast-iron,  a  rapid  solution  pf  mineral 
matter  took  place ;  this  heat  was  continued  for  ten  hours. 
When  the  kiln  was  opened,  more  than  a  hundred-weight 
of  mineral  matter  had  been  dissolved  and  carried  away  in 
the  vapour.  The  wall  was  eaten  away,  and  presented  a 
corroded  and  unglazed  surface,  like  loaf-sugar  partially 

*  Dr.  Dieffenbach's  New  Zealand. 
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melted  by  water :  and  there  was  no  appear  a  nee  of  the 
!?moath  glazed  surface,  which  invariably  attends  the  action 
of  iin  alkali  oa  a  silieeous  substance*  Some  of  the  earthen- 
ware ressela  were  partially  eaten  through ;  but  on  the 
uppermost  archj  where  the  heat  was  oaly  a  fuU  red,  a 
curious  phenomenon  appeared  ;  the  articles  there  had 
received,  exterior  to  their  own  glazing,  and  loosely  incruating 
it,  a  complete  frosted  silieeous  coating,  having  the  appear- 
ance of  a  candied  surface*  This  was  evidently  a  precipi- 
tation from  the  vajTOUr ;  in  fact,  a  hoar-frost  of  siiex. 
There  was  from  half  an  ounce  to  an  ounce  on  each  vesselj 
and  altogether  several  pounds  were  thus  precipitated  j  but 
by  far  the  greater  part  of  the  vapourized  mineral  was,  as 
miglit  be  expected,  canied  away  by  the  current,  and  dissi- 
pated in  the  air.  This  powerful  action  was  apparently 
entirely  due  to  the  presence  of  water ;  there  being  at  all 
times  the  same  quantity  of  alkali  present  in  the  fuel,  whatever 
that  might  have  amounted  toj  without  producing  sucli  an 
effect.  The  experiment  is  conclusive  as  to  the  solvent 
power  of  water  at  a  very  high  temperature  on  silica,  and 
aUiceous  rocks  ;  for  the  action  cannot  be  attributable  to 
the  alkalies,  because,  under  precisely  similar  conditions,  the 
experiment  failed  when  there  was  no  water;  and  besides, 
each  pound  of  alkaJi  would  have  had  to  dissolve  forty 
pounds  of  silica.  Mr,  Jeffery  has  in  fact  performed^  on  a 
small  scale,  the  same  operation  which  is  incessantly  going 
on  in  the  volcanic  regions  of  Iceland  and  New  Zenland, 
and  established  the  potency  of  heated  water  and  vapour 
to  effect  the  solution  of  silex.* 

51-  Hertfordshiee  pldding- stone. — We  have  before 
ns  numejous  examples  of  conglomerates  formed  by  car- 
jftteiate  of  lime ;  in  other  wordsj  aggregations  of  pebblesj 

•  See  an  aceotmt  of  Kr.  Jefieiy'fl  experimeata  in  Eeportji  of  the 
British  Assoeiation  of  Scieace,  for  184  a 


k 


^ 


102  THE  WONDEHB  OT  GEOLOGY.  Ucr.  I 

satid,  shells,  and  eoralB,  cemented  logelher  bj  culeareous 
spar ;  and  others  by  femiginoua  infiltrations  :  btit  this 
specimen  ia  a  congeries  of  rounded  flint  pebbles,  imbedded 
in  a  siliceous  paste.  This  conglomerate  is  commonly 
called  Hertfordshire  padding -stone,  and  waa  formerly  in 
much  request  with  lapi claries;  for  the  cement  being  as 
hard  and  solid  as  the  pebbles  themselves,  the  stone  admits 
of  being  cut  and  polished  into  a  great  variety  of  ornainents, 
The  tbrmation  of  this  rock  mu&st  have  resulted  from  « 
stream  of  siliceoua  matter  having  flowed  tJirough  a  bed  of 
gravelj  and  cemented  the  pebbles  into  a  solid  mass,  while 
those  portionjj  which  the  liquid  flint  did  not  reach,  remained 
as  loose  water- worn  materials. 

But  there  are  many  very  hard  sandstones  -  composed 
entirely  of  siliceous  granules,  which  appear  to  have  hm 
formed  simply  by  the  eflect  of  great  pressure,  there  bein^ 
no  cementing  medium  j  the  rock^  when  broken,  appearwii 
like  the  fractured  surfaces  of  flne  stigar»* 

It  is  not  my  intention  in  this  lecture  to  dwell  on  tb 
silicifieatioD  f  of  the  remains  of  animals  and  plants  ;  it  w^ 


*  A  conaoHct&tioa  of  this  kind  can  be  produced  artlBclaU  j.  Id  \ht 
experun^n  ta  made  for  the  trial  of  the  strength  of  guapo wdiir,  leathen 
ba^  filled  with  sand  are  put  Into  the  mortar  wHch  ia  to  receive  tlM 
cannoD  hall,  propelled  bj  the  powder  from  another  gun  at  the  dh- 
tance  of  only  fifty  feet.  The  sand  is  frequently  compressed  by  tk 
per<;uEs!on  of  tbe  ball^  Into  a  maan  of  sandEitone,  naftieicmUy  firm  I0 
remain  solid  and  bear  handhng ;  and  thifi  simdatone  Is  perfectly  free 
frora  any  cements  The  eon i^oli dating  power  of  great  preaaure  }m 
lately  been  mgenioualy  applied  to  varioafl  purposes ;  amoog  otbenr 
to  tbe  formation  of  tepeerae  frcm  porcelato  e^irth,  and  of  graphlt«  or 
plumbago,  fit  for  the  finest  pencil,  from  the  rnUble  of  rejected  ow 
formerly  thrown  by  as  uaelcfis.  This  ruhble  is  reduced  to  an  impal- 
pable powder,  and  then  suhjectytsd  to  great  preiniure  in  moulds,  and  tt* 
mopt  pure  graphite  is  tbe  result :  thi^i  prepared  mineral  is  now  gewt 
t^llv  employed  for  tbe  best  lead  pencil, 

f  Fetrilaction  by  flint. 


1 51.  EFFECTS  OF  HIGH  TEMPERAXUILE.  lOS 

suMee  to  remark^  that  in  silicified  wood  the  most  minute 
?^etable  structure  may  ofteti  be  detected,  although  the 
ipedmeDs  will  strike  Ere  with  steel;  and  that  the  most 
delicate  and  perishable  animal  tissues  are  often  preserved 
in  flint. 

52*  Effects  op  high  temperatube. — The  phenomena 
presented  to  our  notice  in  this  investigation  of  the  Geysers 
of  Iceland,  and  other  natural  solutions  of  silex  in  thermal 
Wftters,  lead  to  the  consideration  of  another  agent  in  the 
tranBmutations  that  take  place  in  the  crust  of  the  globe. 
It  must  be  obvious  to  every  intelligent  mind,  that  beds  of 
loose  and  porous  materials  can  have  acquired  hardness  and 
solidity  only  by  one  of  the  following  processes;  namely,  either 
fay  matter  dissolved  in  a  fluid,  and  afterwards  deposited 
among  the  porous  masses  in  the  manner  just  described!  or 
by  the  reduction  of  the  materials  by  heat  into  a  state  of 
softness  or  fusion,  and  their  subsequent  conversion,  by  cool- 
iogj  into  a  solid  mass**  Fire,  or  to  speak  more  correctly,  a 
high  temperaturej  however  induced — ^whether  by  electro- 
magnetic influence,  or  by  central  or  medial  sources  of  heat — 
and  water,  are  therefore  the  chief  agents  by  which  the  mine- 
ral masses  composing  the  cruat  of  our  planet  have  been 
and  are  still  being  modified-  We  have  already  seen  how 
vatt  are  the  changes  which  result  from  the  effects  of  water  i 
we  must  now  take  a  rapid  survey  of  the  iuf  uence  which 
calorie  is  capable  of  exerting ;  an  influence  far  more  uni- 
versal and  varied  than  we  may  at  first  be  prepared  to  expect. 

The  ejipatjsive  power  which  heat  exerts  on  most  sub- 
stances,  and  its  conversion  of  the  most  solid  and  durable 
bodies  first  into  a  fluid,  and  lastly  into  a  gaseous  slate,  are 
phenomena  so  familiar  as  to  require  no  lengthened  comment* 
But  the  eifects  of  heat  are  found  to  vary  according  to  the 
circumstances  under  which  bodies  are  submitted  to  its 
influence  I  hence  the  changes  induced  by  high  temperature 
*  PlayfkLr. 
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beneath  great  pressure,  are  totally  difiPeretit  from  tin 
effected  by  fire  on  tlie  eurface,  under  the  ordinary  wdj 
of  the  tttmoaphere.  A  familiar  example  will  serve  to  illi 
trate  my  meanings.  Chalk  consists  of  lime  combined  w 
carbonic  acid ;  and  asj  for  agricoltural  and  other  econoi 
purpose?^  it  is  desirable  to  have  the  lime  in  its  pure  al 
the  chalkj  or  limestone,  ia  exposed  to  a  great  heat, 
erected  in  the  open  air,  until  all  the  carbonic  aci 
dissipated^  and  the  stone  is  said  to  be  burnt  into  quickhid 
In  the  specimens  before  us  the  same  substance  m  seen  in  tl 
state  both  of  chalk  and  lime.  It  may  readily  be  eonoeiTi 
that  if  this  operation  were  conducted  beneath  such  a  degz^ 
of  pressure  as  would  prevent  the  escape  of  the  gaseous  eh 
mentSi  the  formation  of  quicklime  would  not  take  place ;  d 
chalk  would  be  fused^  and  the  carbonic  acid^  relea^d  fn 
its  present  relation  with  the  calcareona  particles,  would  enl 
Into  other  combinationB,  and  the  mas3  when  cooled^  be  whol 
different  from  the  product  of  the  lime- kilns,  formed  by  A 
same  agency  in  the  open  air.  Experiments  have  prov| 
that  this  opinion  is  correct.  Sir  James  HaU  expoii 
pounded  chalk  to  intense  heat,  nnder  great  pressure,  and 
was  fused,  not  into  lime,  but  into  crystalline  moi-ble :  evi 
the  shells  inclosed  in  the  chalk  underwent  the  same 
mutation,  yet  preserved  their  forms**  That  analogca 
changes  have  been  effected  by  nutural  operations  we  hw 
abundant  proof ;  but  in  this  stage  of  our  inquiry  it  is  on 
neoesiarj  to  remark,  that  where  ancient  streams  of  lava  haf 
traversed  chalk,  the  latter  invariably  possesses  a  crjati 
line  structure.  We  shall  hereafter  find,  in  accordance 
the  philosophical  theory  of  Dr.  Hutton,  that  all  the  ancia 

•  From  a  table  drawn  up  with  duo  caution  by  Sir  JwneB  Hall,  it 
proved  that  uuder  a  depth  of  the  sea,  not  oxceediug  o^«-illj^d  of 
milo,  chalk  would  be  t^ouverted  into  a  crystalliufj  lime«tonei  aud 
al  li  dcplb  of  little  more  than  a  mile  it  would  be  In  a  state  of  fusi 
provided  there  wore  no  refrigerating  cause*  in  action. 
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fetrata  have  besn  more  or  less  mollified  by  heat,  actiog  under 
great  prenaure  and  at  various  depths ;  and  that  the  prejsent 
position  and  direction  of  the  rocks  composing  the  cruat 
of  the  globe,  have  been  produced  by  the  same  cause^* 
The  Huttonian  theory,  indeed,  offers  a  satisfactory  expla- 
nation of  a  great  proportion  of  geologieal  phenomena,  and 
enables  ua  to  solve  many  of  the  most  difficult  problems 
in  the  science ;  and  it  is  but  an  act  of  justice  to  the  memory 
of  its  iHuatrious  founderj  and  of  Ma  able  illustrator,  Pro- 
fessor Playfairj  to  state  that  this  theory,  corrected  and 
elucidated  by  the  light  widch  modern  discoveries  have  ahed 
upon  the  physical  hiatory  of  our  planet,  ia  that  embraced 
by  the  most  distingmshed  modern  geologists* 

50.  YoLOANic  AGENcr. — Of  the  activity  and  power  of 
the  agent  to  which  these  remarks  more  immediately  refer, 
the  cnrrents  of  melted  rocks,  called  lavas^  ejected  through 
crevices  and  fissures  of  the  earth,  accompanied  with  evolu- 
tions of  heat  and  vapour,  afford  the  most  striking  proofa  ; 
and  the  volcano,  with  its  frequent  concomitant  the  earth- 
quake, have  in  all  ages  excited  the  terror  and  astonish- 
ment  of  mankind.  It  would  be  foreign  to  the  design 
of  this  diacourae,  to  dwell  upon  the  nature  and  causes  of 
volcanic  action.  Dr.  Daubeny,t  Mr.  Scrope^J  and  others, 
have  pubHshed  highly  intercBting  treatises  on  the  subject ; 
and  Mn  Lyell  haa  given  an  admirable  sketch  of  volcanic 
phenomena.  §  1  will  only  advert  to  the  increased  temper a- 
tofe  of  the  earth  in  proportion  aa  we  descend  from  the 
fiurfaee  towards  the  interior,  and  the  profound  depths  from 
which  thermal  waters  take  their  rise,  aa  tending  to  support 
opinion,  that  volcanic  eruptibns  are  occasioned  by  causes 
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See  Piayfair'a  IllaatratioDfi  of  the  Hationian  Theory,  vol.  i.  p.  33^ 
fl^q.  Edin.  1S22. 
f  Danheny's  Leetarea  on  Volcanoes,  1826. 
%  Scfope*fi  Considerationfl  on  Volcaaoee,  1825. 
§  Principles  of  Geology,  vol.  ii. 
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whicli  are  constantly  in  action  in  the  interior  of  the  globe* 
We  shall  hereafter  have  occasion  to  demonstrate  that  dislo- 
cations of  the  strata,  and  elevations  of  the  l>ottom  of  tlis 
ocean,  and  subsidences  of  tlie  land,  and  eruptions  of  melted 
mineral  matter,  have  taken  place  from  the  earliest  periods 
within  the  scope  of  geological  inquiries*  ; 

The  eatpansive  power  of  caloric,  even  in  ordinaiy  circum- 
stances,  is  very  consklerablej  as  is  shown  by  the  instrament 
called  a  p^/rmneter,  which  illnstraptea  a  fact  continualljr 
presented  to  our  notice,  namely,  the  expansion  of  a  bar  oF" 
metal  by  heat,  and  its  contraction,  by  coolingj  into  it» 
original  dimensions.  The  expansion  of  solid  bodies  hy 
heat,  when  effected  on  a  large  scale,  gives  rise  to  maajr 
interesting  phenomena.  The  careful  experiments  made  hy 
Colonel  TotteOj  on  the  expansion  of  granite,  marble,  siii 
other  rocks,  by  varintions  of  temperature,  have  shown  th«* 
the  mere  expansion,  or  contraction,  of  extensive  beds  oC 
these  materials  J  will  account  for  the  elevation  and  subsidence 
of  considerable  tracts  of  country,  and  explain  many  analo- 
gous phenomena.* 

54.  Subsidence  and  elevatiok  of  the  temple  of 
JiTFiTER  AT  Puzz COLL —One  of  the  most  interesting 
examples  of  local  elevation  and  subsidencej  apparently 
resulting  from  this  cause,  h  that  afforded  by  the  remains  of 
the  celebrated  temple  of  Jupiter  Serapis,  at  Puzzuoli. 

These  ruins  are  situated  on  the  northern  shore  of  the 
Bay  of  Baia^,  at  no  great  distance  from  the  Solfatara, 
and  consiiit  of  the  remains  of  a  large  building  of  a  quadran- 
gular form,  seventy  feet  in  diameter  ;  the  roof  of  whicli 
was  supported  by  twenty-four  granite  columns,  and  twenty- 
two  of  marble,  each  formed  of  a  single  stone.  Many  of  the 
pillars  are  broken  and  their  fragments  strewed  about  the 
pavement,  but  three  remain  standings   and  on  them  uxt 

*  Americ&a  Journal  of  Science^  Toi  kxU« 
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inscriptions,  not  traced  hy  tlie  Greeks  or  Romans,  but  by 
some  of  the  sioiplest  forms  of  animal  existence,  which  have 
here  left  enduring  records  of  the  physical  changes  that  have 
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Ltnit.  H. — RieiiAiiis  of  vtit:  TEiifLfe  op  JcFiTfa  SsHArJjf,  at  PcxstLoXii 
(Frofit  Mr.  IfeW*  FrtRcipht  of  BtoiogsJ 

taken  place  on  these  shores,  since  man  erected  the  temple 
in  honour  of  his  imaginary  gods-  The  surface  of  the  colnmns, 
the  tallest  of  which  is  forty- two  feet  in  height,  is  smooth 
and  uninjured  to  an  elevation  of  about  twelve  feet  from  the 
pedestalj  where  a  band  of  perforations,  nine  feet  wide, 
made  by  marine  boring  musseb  (moilhla  Uthophaf/a)^  com- 
mences i  and  above  this,  that  is,  at  the  height  of  twenty -one 
feet  from  the  pedestal,  these  cavities  disappear.  The  hollows^ 
mtniy  of  which  still  contain  shells,  sand,  and  microscopic 
nhield^,  are  of  an  elongated  elliptical  shape^  and  are  so 
nuTnerous  and  deep,  as  to  prove  unquestionably  that  the 
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pillars  were  submerged  in  sea-water^  the  base  and  lower 
portions  baying  been  protected  from  tlie  depredations 
of  tke  boring  shells  bj  accumulations  of  rubbish  mi 
tufa ;  while  the  upper  parts  projected  above  tbe  waters* 
and  consequently  were  beyond  the  reach  of  tbe  UUtO' 
domi.*  The  platform  of  the  temple  is  now  about  one 
foot  below  high- water  mark  i  and  the  ^ea,  which  is  only 
forty  yards  distant,  penelrates  the  intervening  soil.  Tha 
upper  part  of  the  band  of  perforations  is  now  at  least 
twenty-three  feet  above  the  level  of  the  sea  ;  and  yet  it  is 
evident  that  the  columns  were  once  immeraed  in  salt  wattir 
for  a  long  period*  It  is  equally  clear  that  they  have 
since  been  elevated  to  their  present  height,  and  yet  have 
maintained  their  erect  position,  amid  tbe  extraordinary 
changes  to  which  tbey  were  subjected ;  tlius  incontrovertiblj 
proving,  that  the  relative  level  of  the  land  and  sea,  on  thil 
part  of  the  Mediterranean  coast,  has  changed  more  than  onoe 
since  the  Christian  era  i  each  movement,  both  of  subsideace 
and  elevation,  having  exceeded  twenty  feet*'!'  -^^  there^ 
at  the  present  moment — 

"  Thot^e  lonely  qolumnB  stand  sublime, 
Flinging  their  ehadowH  from  on  high. 
Like  dials,  which  the  wimrd  Time 
4     Had  raised  to  couut  bis  ages  by  I " — Moore. 

55.  Historical  evidekge,  —  Fortunately,  historical 
evidence  throws  some  light  on  the  respective  dates  of  tbe 
most  considerable  changes  of  level,  that  the  area  on  which  tbe 
temple  ia  sit  ti  ated  has  undergoti  e ,  From  ingcri  pt  t  ons  record- 
ing  the  embellishment  of  the  temple  by  Septimus  Sevema  and 
Marcus  Aurelius,  we  learn  that  the  building  was  entire,  aal 
occupied  its  original  position ^  iu  the  third  century.  In 
1193  the  eruption  of  the  volcanic  lake  of  the  Solfatara  took 

*  Lithodamif  from  litkmj  6t<»ne;»  and  demo,  to  build, 
+  For  a  fall  account  of  the  phejiomcm,  aec  Principles  of  Geologj. 
vol  ii,  p,  263. 
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place,  and  was  accompanied  by  earthquakes  ;  a  subaidence 
of  the  condt  followed,  and  sunk  the  temple  to  a  depth  that 
submerged  the  columns  in  water  to  a  height  alx»ve  the 
band  of  perforations.  This  state  of  things  nmst  have  con- 
tinued till  the  beginning  of  the  sixteenth  century  j  for  the 
flat  district  called  La  Starza,  on  winch  the  temple  stands,  is 
described  by  contemporary  observers  as  being  covered  by 
the  s^ea  in  1530.  Eight  years  afterwards  earthquakes  were 
veiy  frequent  and  violent  along  that  part  of  the  Neapolitan 
coast,  and  on  the  29th  of  September  a  volcanic  eruption 
giiddenly  burst  forth,  aud  threw  up,  in  a  single  night,  a 
mound  of  pumice  and  aahes  450  feet  high,  and  a  mile  and  a 
half  in  eircuraference ;  and  which  still  remains,  and  is 
called  Monte  Nuovo*  During  thia  catastrophe  the  coast  on 
the  north  of  the  Bay  of  Baite  was  permanently  elevated  to 
the  height  of  twenty  feet,  and  formed  a  tract  600  feet  in 
breadth,  including  the  area  occupied  by  the  ruins  of  the 
temple,  which  were  also  elevated  above  the  reach  of  the 
watery  several  of  the  columns  retaining  their  original  posi- 
tion.* These  interesting  relics  of  antiquity  appear  to  have 
been  wholly  neglected  till  ]  750,  when  the  shrubs  and  weeds 
with  which  they  were  overgrown  and  concealed  were 
removed,  and  the  earth  accumulated  in  the  court  of  the 
temple  cleared  away*  For  the  last  thirty  or  forty  years  a 
slow  subsidence  of  this  coast  appears  to  have  been  going  on, 
and  the  floor  of  the  temple  is  now  often  under  water. f 

56,  Causes  of  these  changes.— Professor  Babbage 
attributes  the  tranquil  elevation  and  depression  of  the 
temple,  to  the  contraction  and  expansion  of  the  strata  on 
which  it  was  built ;  the  sources  of  volcanic  action  in  the  snr- 

•  ProfeiflOT  James  Forbos  of  Bdinburghj  on  the  hiBtorical  evidence 
relating  to  the  elevations  and  sabaideuceii!  of  the  Temple  of  Jnpiter  at 
Fnzzaoli,  and  of  the  adjiic«nt  c€mAU— Brewster^ s  BdinhurghJowmal 
^Seieaee,  vol  i.  secofid  series. 

t  See  a  letter  addressed  to  the  author  by  Mr.HQllmaadelj  AppendiXi  F. 
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rounding  country  being  very  numerou9j  and  a  bot  spring  still 
existing  on  the  land-side  of  the  ruina.  The  change  of  level 
is  therefore  easily  accounted  for,  by  supposing  the  temple 
to  have  been  built  on  the  surface,  when  the  rocks  beneath 
were  expanded  by  the  effects  of  a  high  temperature,  and 
that  they  subsequently  contracted  by  slow  refrigeratton* 
When  this  contraction  had  reached  a  certain  point,  if  A 
fresh  accession  of  heat  from  the  neighbouring  volcano  took 
place  and  increased  the  temperature  of  the  strata,  the/ 
would  again  expand,  and  thus  raise  the  ruins  to  their 
present  level. 

Mr.  Babbage  carries  out  these  views  to  explain  the 
elevation  of  continents  and  aiountaio  rangeSj  assuming  the 
following  facts  as  the  basis  of  hia  theory  : — 

Igt*  As  we  dcBcead  below  the  iurface  of  the  earthy  the  temperatatt 

increases* 
2dly.  Solid  rocks  expand  by  beiag  heated,  bat  clay  and  aome  otl*r 

subatances  contract. 
3dly.  Rocks   aad  Ktmta  of  di^imilar  characters  preaent  a  cone- 

apoading  difference  aa  conductors  of  caloric, 
4thly.  The  radiation  of  heat  frotn  the  earth  varies  ia.  diflferoat  part* 

of  ita  iurface  ;  according  as  it  is  covered  by  forosta^  moaatun?, 

deflertSj  or  water. 
Sthly.  Exisfcmg  atmospheric  agent  a,  and  other  causes,  are  coastaallj 

changing  the  condition  of  the  eurface  of  the  globe. 

Thus  wherever  a  sea  or  lake  is  filled  up  by  the  wearing 
down  of  the  adjacent  landi*,  new  beds  are  formed,  conduel- 
ing  heat  mueh  leas  quickly  than  the  water  ;  while  the 
radiation  from  the  surfaee  of  the  new  land  will  also  be 
diflferent.  Hence,  any  source  of  caloric,  whether  partial 
or  central,  whieh  previously  existed  below  that  sea,  must 
increase  the  temperature  of  the  strata  underneath  to  a  luucb 
higher  degree  than  before,  because  they  are  now  protected 
by  a  bad  conductor  ;  *  and  their  expansion  must  therefore 

*  Sir  John  Herachel  ohserve&,  that  this  proeea*  i«  precisaly  iimil«r 
to  that  by  vhieh  a  great  coat,  in  a  wintry  day,  increases  the  feeling  of 
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elevate  the  newly-formed  deposits  above  their  former  level; 
— thus  the  bottom  of  an  ocean  may  become  a  continent. 
The  whole  expansion,  however,  resulting  from  the  altered 
ciFcnmatanceEtj  may  not  take  place  until  tanff  after  the  filling 
up  of  the  sea  ;  in  which  case  ita  conversion  into  dry  land 
will  result  partly  from  the  accumulation  of  detritus^,  and 
■prtly  from  the  elevation  of  the  bottom.  As  the  heat  now 
Pwiet rates  the  newly-formed  strata,  a  different  action  may 
be  induced,  the  beds  of  clay  or  sand  may  become  consoli- 
dated, and  instead  of  expanding,  may  coatract.  In  this  case, 
ether  large  depressions  will  occur  within  the  limits  of  the 
new  continent,  or  after  another  interval,  the  new  land  may 
ftgmn  snbside,  and  form  a  shallow  sea.  This  sea  may  be 
again  filled  up  by  a  repetition  of  the  same  processes  as  before; 
— aad  thus  alternation  b  of  marine  and  fresh -water  deposits 
may  occur,  having  interposed  between  them  the  productions 
of  the  dry  land.* 

To  review  the  physical  changes  which  have  taken  place 
uxiund  the  Bay  of  Naples  would  prove  highly  interest- 
ing, but  my  limits  will  only  permit  me  to  observe^  that 
whole  mountains  have  been  elevated  on  the  one  hand,  and 
temples  and  palaces  submerged  beneath  the  sea  on  the 
other*  In  our  sister  island  we  have  evidence  of  former 
changes  of  a  like  nature,  and  which  are  alluded  to  by  our 
inimitable  lyric  poe4  in  the  following  beautiful  lines: — 


L 


**  On  Lough  Neagh*a  banks  as  the  fisherman  strap, 
Whea  the  clear  cold  eve's  declining^ 
He  sees  the  round  towers  of  other  daja 
In  the  wave  beneath  him  fihining  ! 


warmth  ;  the  flow  of  heat  outwarda  beiag  obstructed,  and  the  suriiwe 
of  congelation  removed  to  a  distance  irom  the  hody  by  the  heat  thereby 
Accumulated  bencatli  the  new  covering. 
*  Ppoccedinga  of  the  Geological  Societj,  Marcli  1834. 
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"  Thus  shall  memory  often,  in  dreams  sublime, 
Catch  a  glimpse  of  the  days  that  are  over ; 
Thus,  sighing,  look  through  the  waves  of  time 
For  the  long  faded  glories  they  cover  !** — ^Moobm. 

57.  Elevation  of  the  coast  op  Chili. — One  of  the 
most  remarkable  modern  instances  of  the  upheaval  of  an 
extensive  tract  of  country,  is  that  recorded  by  the  late 
Lady  Calcott,  (then  Mrs.  Maria  Graham,)  as  having  been 
produced  by  the  memorable  earthquake  which  visited  Chili 
in  1822,  and  continued  at  short  intervals  tiU  the  end  of 
1823.  The  shocks  were  felt  through  a  space  of  1,200 
miles,  from  north  to  south.  At  Valparaiso,  on  the  morning 
of  the  20th  of  November,  it  appeared  that  the  whole  line 
of  coast  had  been  raised  above  its  level ;  an  old  wreck  of 
a  ship,  which  could  not  previously  be  approached,  was  now 
accessible  from  the  land ;  and  beds  of  oysters,  not  before 
known  in  that  locality,  were  brought  to  light.  "  When  I 
went  to  examine  the  coast,"  says  Lady  Calcott,  "  although 
it  was  high-water,  I  found  the  ancient  bed  of  the  sea  laid 
bare  and  dry,  with  oysters,  mussels,  and  other  shells,  ad- 
hering to  the  rocks  on  which  they  grew :  the  fish  being  all 
dead,  and  exhaling  the  most  offensive  effluvia.  It  appeared 
to  me,  that  there  was  every  reason  to  believe  the  coast 
had  been  raised  by  earthquakes  at  former  periods,  in  a 
similar  manner;  for  there  were  several  layers  of  beach, 
consisting  of  shingle  mixed  with  shells,  extending  in  parallel 
lines  to  the  shore,  to  the  height  of  fifty  feet  above  the  sea."* 
Part  of  the  coast  thus  elevated  consists  of  granite ;  subse- 
quent observations  have  proved  that  the  whole  of  the 
country  was  raised,  from  the  foot  of  the  Andes  to  far  out 
at  sea ;  the  supposed  area  over  which  the  elevatory  move- 
ments extended,  being  about  100,000  square  miles ;  a  space 

*  Geological  Transactions,  vol.  i.  second  series. 
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qual  in  extent  to  half  the  kiiigdoiri  oi*  France.  Mrs*. 
omerviUe  iiientiaDS,  tliat  a  I'urtber  elevation  tu  a  consider- 
ble  extent  has  also  tuketi  place  along  the  Chiliau  eoast,  in 
OTisequence  of  the  violent  earthquake  of  IHZ6. 

58.   Raised  sea  beach  at  Brighton.* — Examples  of 
Bch  changes  occur  in  almost  every  part  of  the  worlds  and 
leare  is  perhaps  no  considerable  extent  of  country,  which 
oee  not  afford   some  proofs  that  similar  phyeif-al  muta- 
loo^  have  taken  place  in  modern  times.     And  although  we 
ave  not  a  temple  of  Serapis  on  our  shores,  yet  the  cliffs 
rom  Brighton  to  Bottingdean   afford  unquestionable  evi- 
ence  that  the  relative  level  of  land  and  ge%  hahi  undergone 
real  changes  within,  to  speak  geologically,  a  comparatively 
scent  period.     The  elitts  along  the  coast,  from  Nf  w  Shore- 
am  to  Bottingdean,  are  composed  ol'  layers  of  chalk  rubble, 
ith  flints  slightly  rolled,  and  iiiterspersions  of  clay  and 
mm  I   the  whole  being  an  accumulation  of  water-worn 
interials,  deposited   at   some  very  remote  period    in  an 
»tuary  or  bay  of  the  sea.     The  ba^e  of  the  cliffs,  to  the 
eight  of  a  few  feet,  consists  of  the  chalk  strata,  which  may 
eaeen  at  low  water  extending  far  out  to  sea,  being  covered 
ere  and  there  by  nhingle  and  sand.     Between  the  chalk 
tid  the  superincumbent  mass  above  describcrl,  is  a  bed  of 
aUed   chalk-flints,  pebbles,  and   sandj  with   boulders  of 
^nite,  porphyry,  and  other  rocks,  foreign  to  the  south- 
%»t  of  England;  in  fact,  a  sea  beach,  formed  in  the  same 
uuiner  as  the  present  bed  of  shingle  which  skirts  the  ba^^e 
f  the  cliffs*     Among  the  pebbles  of  this  ancient  beach,  are 
>lled  masses  of  chalk  and  limestone,  full  of  perforations  made 
jyforing  shells  ;  here  are  several  specimens,  with  cavities 


•  The  gi^o logical  character  of  the  t^Wffk  at  Brighton,  and  tbe  ocmnr- 
nee  (»r  boncM  of  elephaata  and  otbcr  mamutalia  In  thojie  bedi^  were 
«t  dc^^cribed  in  my  "  Foawla  of  the  South  Dowua**'  1822. 
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similar  to  those  made  in  the  chalk- rock  hy  the  recent 
pholudes  and  mi/tUL 

The^^6  5itrfttn,  which  must  have  hean  deposited  beneatb 
the  wavrSj  now  conBtitute  &  line  of  lofty  cliffs,  extending  for 
miles  along  the  sea-coast.    The  annexed  diagram  (LigrL  15) 


h'futth. 


JTurlk 


At  EI«vh&iit  bed  ;  Bp  Ancli'tit  bed  of  shln^jki  C,  the  Chalk  |  0,  TtofTuedfCllB 


reprfisenta  a  vertical  gectioRj  as  seen  in  those  places  whew 
the  inroads  of  the  sea  have  extended  to  the  chalk  stmta,  Aiid 
the  fuce  of  the  ancient  cliff  is  exposed,  the  newer  deposits 
being  shown  in  profile  from  south  to  north ;  these  csoaiiM  i 
of  the  following  : — 

1,  (a),  Chalk  mbbk,  loam,  &e.,  obecurely  stratified  ;  tluH  depoat, 

frum  ltd  coataming  maay  teeth  and  bon^a  of  elepb&iiti,  I 
havo  named  the  Elephant  bed  ;  it  comtitutet  the  apper  tofr 
fourths  of  th©  cliffk, 

2.  (b)j  8binglep  op  sea  beach  and  sand,  &everfl!  feet  above  bigh-fitir 

mark.  TUis  atn;lcnt  i^hingk,  which  from  the  iaixmds  of  thewi 
extendi  in  the  cdifr»  beyond  Kctnp  Town  but  a  »liort  diitiKe 
lalaud^  h  contjiantlj  found  bcuoL\tb  i\w  bmni  and  clay,  seVQiil 
band  red  jardw  norih  of  the  wborej  in  tbc  wcRteru  part  <3f 
Brighton.  In  whIIh  siiiuk  in  tho  West^^m  road,  tUe  »bi])f1«b*d 
was  r^ohed  at  rbtj  depth  of  fifty<fonr  ftfct. 


L 
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'  3-  {c)t  The  undiBturbed  chalk,  wkhh  fonuB  ft  aloping  clift'»  inland, 
behind  the  elephant  bed  (a)  and  ihingle  (b)^  pa^scfl  under  the 
latter^  and  appean  aa  a  t^nace  at  the  foot  of  the  present, 
cliffii  iij).* 

These  appeamnces  demonstrate  tlie  following  sequence 
of  cbangcs  in  tlie  relative  level  of  the  land  aod  sea  on  the 
Sussex  shores  : — 

Fir»L  The  chalk  terrace  on  whitli  the  ancient  sli ingle 
re^ts,  was  on  a  level  with  the  sea  for  a  long  period ;  and 
the  beach  was  formed,  like  the  modern  8h ingle,  bj  the 
action  of  the  waves  on  the  then  existing  chalk  cliffa.  TJje 
rolled  condition  of  the  materials,  and  the  borings  of  tbt? 
Ikkodom^  prove  a  change  of  level  as  decided Ij  as  do  tbe 
bands  of  perforations  in  the  columns  of  the  temple  of 
Jupiter  at  Puzzuoli. 

Secondly ^  The  whole  line  of  coast,  with  the  shingle  (u), 
was  submerged  to  such  a  depth^  as  to  admit  of  the  depo- 
sition of  the  uppermost  strata  (a)* 

Laxthf*  The  cUffs  were  raised  to  their  present  elevation, 
«ad  at  this  period  the  formation  of  the  existing  sea  beach 
commenced. 

Here,  then,  we  have  un{|uestionable  evidence  that  the 
Sussex  shores  have  been  subjected  to  changes  similar  to 
those  produced  By  earthquakes  on  the  Chilian  coast, 

A  phenomenon  of  a  like  nature,  but  of  a  far  more  ancient 
period,  is  observable  at  Castle  Hill,  near  Newhavou,  about 
eight  miles  east  of  Bnghton ;  thercj  immedintelj  benealli 
the  turf,  is  a  regular  sea  beach  with  oyster-shells^  many 
f«iet  ID  thicknessj  foiiniug  the  summit  of  tJie  chalk  clitl'^j 
150  feet  above  the  level  of  the  sea. 

Near  Bromley  in  Kent,  and  Reading  in  Berkshire,  simi- 
kr  accumulations  of  pebbles  and  oyster-s hells  are  to  he 
ftiund.     Elevated  beds  of  shingle,  of  comparatively  recent 

*  See  Oeology  of  the  South-Eaat  of  Etiglaadp  p.  30;  FoB»ih  of  the 
alh  Do^tis,  p.  277  ;  Medsilfi  of  Creation,  vol.  ii.  p.  913. 
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epochs,  occur  likemse  on  tlie  ehorea  of  the  Frith  of  Fortk 
and  along  the  eastern  and  western  coasts  of  Kngland^ 

59,  Elevation  of  Scandina\[a,  — Having  thus  ad- 
duced a  feiv  striking  proofs  of  the  mutations  which  tk 
latid  baa  undergone  in  past  timesj  we  are  led  to  inquire— 
is  this  change  still  going  on  ?  is  the  alternate  eubaidenci 
and  elevation  of  the  land  the  effect  of  a  law  of  naturr, 
established  from  the  commencement  of  the  present  condition 
of  our  planet,  and  destined  to  continue  in  action  while  \t$ 
physical  constitution  remains  the  same?  We  tuajr  unhesi- 
tatingly reply  in  the  affirmative^  for  there  are  innumerable 
proofs  that  this  law  has  been  in  constant  action  frara  tlie 
earliest  periods ;  and  I  now  proceed  to  adduce  an  instancts 
in  which  the  elevation  of  a  whole  country  la  actually  taking 
place,  unsuspected  by  the  huBj  multitude  which  inhabit  ita 
towns  and  cities,  aad  known  only  by  the  researches  of  the 
natural  philoBopher.  I  allude  to  Scandinavia,  which  U 
slowly  and  visibly  nsing,  from  Frederickshall,  in  Sweden, 
to  Abo,  in  Finland,  and  even,  perhaps,  as  far  m  SL  Vttjtn- 
burgh  ;  while  the  adjacent  coast  of  Greenland  is  suifering  a 
gradual  depression.  The  state,  therefore,  is  oue  of  oaeiUi- 
tion,  the  waters  appearing  to  sink  at  Torneo^  and  to  rttniD 
their  former  level  at  Copenhagen. 

The  opinion,  that  Sweden  is  in  this  state  of  change,  b  no 
new  idea ;  it  was  long  since  entertained  by  Cel&ius,  and 
other  Swedish  philosophers,*     Mr,  Lyell,  who  has  twii'f 


•  CeUiua  renmrkfl,  "  that  several  roeka  on  the  ihorct»  of  the  Bftltk, 
which  are  now  above  the  w^Lor  {a.tk  1730),  were,  not  long  before, 
stmken  rocks,  and  clangeroua  to  anvigfttora  j  one  eapiiciftUy,  whicli,  io 
the  ym,v  1680,  wm  on  a  level  with  the  surface  of  iJie  water,  la  twenty 
and  a  half  Bweilifth  metrea  above  H.,  From  an  Inscriptbn,  near  Aipfl, 
m  the  l^ako  Melar,  which  communieatcrs  with  thts  Baltic,  fingravod,  lii 
Id  auppoHod,  above  500  yearii  ago,  the  land  appeara  to  liave  ri*cn  i» 
lusa  than  thirteen  Swedbh  feet."—  Flmjfuirs  ilhwh^tiom  of  ^ 
iluUomtn  Tkfury,  p.  4a^5,  *;dU.  1822. 
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Tiiited  Scandinavia  witMn  the  last  few  jears^  with  the 
view  of  determining  this  intereating  question,  expresses 
Idmseir  fullj  convinced  that  certain  parta  of  Sweden  are 
undergoing  a  gradual  rise,  to  the  amount  of  two  or  three 
feet  in  a  century  ;  while  other  tracts,  farther  to  the  south, 
appear  to  have  experienced  no  movement.*  He  surveyed 
the  shores  of  the  Bothuian  Gulfj  between  Stockholm  and 
Geflej  and  on  the  western  coasts  of  Sweden,  districts  par* 
ticularly  alluded  to  by  Celsius.  Upon  exemining  the 
marks  cut  by  the  pilots,  under  the  direction  of  the  Swedish 
Academy  of  Sciences,  in  1820,  the  level  of  the  Baltic,  in 
calm  vreathcr,  was  found  to  be  several  inches  lower  than 
the  marka,  and  from  two  to  three  feet  helow  those  made 
seventy  or  a  hundred  years  ago.  Similar  results  were 
obtained  on  the  side  of  the  ocean,  and  in  both  districts  the 
testimony  of  the  inhabitants  agreed  with  that  of  their 
ancestors,  as  recorded  by  Celsius-  On  the  shores  of  the 
Sorthern  Sea,  there  nve  banks  of  recent  shells,  at  various 
heights,  from  10  to  200  feet ;  and  on  the  side  of  the  Both- 
nian  Gulf,  between  Stockholm  and  Gefle,  there  are  deposits 
containing  fossil  shells  of  the  species  which  now  inhabit  the 
brackish  waters  of  that  sea.  These  occur  at  different  eleva- 
tion?;, from  one  to  a  hundred  feet,  and  sometimes  extend 
lifty  miles  inland.  Some  of  the  shells  are  marine,  and 
others  lluviatile  ;  the  marine  species  are  identical  with 
those  now  living  in  the  ocean,  but  are  small  in  size,  and 
never  attain  the  average  dimensions  of  those  which  live 
in  water  sufficiently  salt  to  enable  them  to  reach  their  full 
development.  The  specimens  before  us  were  collected  by 
Mr.  LycU  at  Uddevalla,  in  Swedenj  from  the  summit  of 
clifik  twenty  feet  above  the  level  of  the  sea  ;  they  consist 
wf  marine  species,  which  still  inhabit  the  neighbouring 
waters. 

•  Philoacjphical  Transactionp.   Pnnciplc»<iFG<M>logy,  Fiftli  EditioD, 
iL  p.  286, 


n 


EdiiioD,  I 


I 


I 


60.  Mutations  in  the  relative  level'  of  land  anu 
SEA* — Of  the  reality  of  these  changes  in  the  relative  level  of 
the  land  and  of  the  Northern  Ocean,  there  eannot  exist  a 
douht ;  but  the  mind  is  so  nccustomed  to  associate  the  idei 
of  stahility  with  the  laud,  and  of  mutability  with  the  a€t, 
that  it  may  be  necessary  to  offer  a  few  additional  remarki 
on  these  highly  interesting  facts.  As  it  i^  the  property  of 
all  fluids  to  find  their  own  level,  it  is  oh  v  ion  a  that  if  ih$ 
level  of  the  sea  be  elevated  or  depressed  in  any  one  part, 
that  elevation  or  depression  must  induence  the  whole 
surface  of  the  ocean,  and  the  level  therefore  eannot  be 
affected  by  local  causes.  But  movements  of  the  land  may 
take  place,  and  the  effect  extend  over  whole  countries,  as 
in  South  America,— or  along  lines  of  coast,  as  in  Sussex* 
— or  be  confined  to  a  single  island, — or  even  to  the  area 
a  temple,  as  at  Puiszuoli,* 

But  while  the  land  is  rising  in  the  more  nortlii 
latitudes,  it  appears  to  be  sttiking  on  the  shores  of  tbt' 
Mediterranean,  Breislak  mentions  t  that  numerous  re- 
mains of  buildings  are  to  he  seen  in  the  Gulf  of  Baim  ;  ten 
columns  of  granite^  at  the  foot  of  Monte  Kuovo,  are  nmt^ 
covered  by  the  sea,  as  are  the  ruins  of  a  palace  built  by 
Tiberius  in  the  island  of  Caprea.  Thus  while  the  level  k 
the  sea  is  becoming  lower  in  the  north,  from  the  elevation 
of  the  land,  it  is  rmn^  in  the  Mediterranejin,  from  tfce 
sinking  of  its  coasts.  Kow,  as  all  the  parts  of  the  ocetn 
communicate^  the  water  cannot  permanently  rise  in  one  part 
Eind  sink  in  another,  but  must  rise  and  fall  equally  to  mido* 
tain  its  level;  we  must  therefore  consider  it  as  dejnon- 
atrated,  that  these  changes  are  solely  dependent  on  the 
elevation  and  depression  of  the  land*  If  we  bear  in  mind 
the  insignificance  of  the  masses  affected  by  these  operatton^ 

»  Boo  Playfalr'e  admirable  commentary  on  tlik  gi^ological  probtefflp 
'*  llluijtrfltion<  p.  433. 
f  ri  ay  fain 
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«g  COD  trad  ted  with  the  earth  itself  (see  puge  35),  we  iriaj 
raadi  I J  conceive  that  as  fissures  and  inequaUties  are  pratluced 
in  the  varnish  of  un  artificial  globe  by  heat  and  cold,  in  hke 
manner  the  elevation  of  mountain  chains,  and  the  subsi- 
dence of  whole  contiuenU,  may  be  occasioned  by  the 
expansion  or  contraction  of  portions  of  the  earth's  crtiati 
Irom  auddeJi  changes  in  the  internal  temperature  of  the 
globe. 

61.  Retrospect, — In  this  rapid  sketch  of  the  geolo- 
gical phenomenaj  which  an  examination  of  the  surface 
of  the  earth  presents  to  our  notice,  I  have  doubtless 
dwelt  on  several  eubjects  famihar  to  many  of  my  readers. 
But,  as  one  of  our  ablest  geologists*  has  remarked,  "  the 
teacher  of  Geology  must  suppose  himself  called  on  to  answer 
qnestionsj  both  concerning  the  facts  of  the  science,  and  the 
inferences  to  be  deduced  therefrom ;  and  his  instructions  will 
be  so  much  the  more  successful  as  he  takes  these  questions 
in  the  most  natural  order  of  their  occurrence,  and  ant^wers 
them  most  completely  and  satisfactorily.  In  doing  this  he 
is  not  at  liberty  to  neglect  even  elementary  truths,  for  if 
these  were  passed  over  in  compliment  to  such  as  have  made 
|iat)giress  in  the  science,  those  for  whose  advantage  he  is 
e^jeciallj  interested,  would  be  called  to  the  unreasonable 
task  of  labouring  without  instruments,  and  of  theorizing 
without  intelligible  data  " 

From  the  vast  field  of  inquiry  over  which  our  observa- 
tions have  extendedj  it  may  be  useful  to  offer  a  brief  sum- 
mary of  the  leading  principles  that  have  been  enunciatedp 
and  the  facts  on  which  they  are  founded.  By  the  most  pro- 
foiind  investigations  of  which  Hie  human  mind  is  capable^ 
we  learn  that  our  earth  is  one  of  myriads  of  spherical  bodies, 
revolving  round  certain  luminaries ;  and  that  these  bodies 
occur  in  every  variety  of  condition,  from  that  of  a  diffuse 
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luminous  vapour,  to  opaque  solid  globes  like  our  own*  All 
the  materials  of  which  the  earth  is  composed  may  exhi 
either  in  a  solitl^  fluid,  or  gaseous  state  ;  and  simply  by  a 
t^bange  of  temperaturej  or  by  eJectro-chemjcal  agenejr, 
every  substance  may  undergo  a  transition  from  one  sUt/^ 
to  the  other.  Water  existing  as  ice,  fluid,  or  vapour,  and 
separable  into  two  invisible  gases,  offers  a  familiar  example 
of  a  budy  constantly  exhibiting  these  transmutations  j  aud 
mercury,  of  a  metal  which,  though  generaUj  in  a  fluid 
state^  becomes,  when  exposed  to  a  very  low  temperature, 
a  solid  mass  like  silver.  The  relative  position  of  kad 
and  water,  and  the  iaequalities  on  the  surface  of  tlie 
earth,  are  subject  to  constant  changes,  which  are  regulated 
by  certain  fixed  laws-  The  principal  causes  of  the  degra- 
dation of  the  land  are  atmospherjc  agencies,  variations  of 
temperature,  the  action  of  running  water,  and  of  icebergs* 
glaciers,  &c*,  by  which  the  disintegrated  materials  of  tbe 
land  are  transported  into  the  bed  of  the  ocean,  ITie  mud, 
sand,  and  other  detritus  thus  produced,  are  consolidated  by 
certain  chemical  changes  which  are  in  constant  aetivityj  both 
on  tbe  land  and  in  tbe  depths  of  the  oeea%  and  new  rocks 
are  thus  in  the  progress  of  formation.  But  the  conjoint 
effect  of  these  operations  m  unremitting  destruction  of  tbe 
surface  of  the  land ;  and  were  there  no  conservative  pro- 
cess, the  whole  of  the  dry  land  would  disappear,  and  the 
earth  be  covered  by  one  vast  sheet  of  waten  The  globe^ 
however,  possesses  an  internal  source  of  heat,  and  whether 
this  exists  as  a  central  nucleus  of  higli  temperature, 
or  as  medial  foci,  —  whether  it  be  dependent  on  tlie 
assumed  original  nebulous  state  of  the  earth,  or  pro- 
duced by  chemical  or  electro-magnetic  forces  actinf 
on  tbe  mineral  substances  contained  in  the  interior 
of  onr  planet, — ^ioes  not  affect  the  present  inquiry* 
This  internal  heat,  however  induced,  must  occasion  con- 
stant changes  in  the  relative  level  of  the  land  and  water; 
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nd  depressing  whole  continents, — converting 
tlie  stea  into  dry  landj^-and  submerging  the  dry 
land  into  the  abyss  of  the  ocean.  The  volcano  and  the 
earthquake  are  the  eifecta  of  its  local  and  paroxysmal 
aexgieSj — the  quiet  and  insensible  elevation  and  subsidence 
the  land,  of  its  slow  but  certain  operation.  By  this 
^oeist  power  the  accumulation  of  the  spoils  of  the 
tid,  wKieh  the  rivers,  waves,  and  currents  have  carried 
into  the  bed  of  the  ocean,  are  again  brought  to  the  surface, 
and  form  the  elements  of  new  islands  and  eontinents;  and 
by  the  organic  remains  discovered  in  the  strata,  we  trace 
the  nature  of  the  countries  whence  these  spoils  were  de- 
rived- In  the  deltas  and  estuaries  of  modem  times, — in 
the  detritus  accumulating  in  the  beds  of  the  ocean, — in  the 
tracts  of  limestone  forming  on  the  sea-shores, — 
aeath  the  cooled  lava  currents  erupted  from  existing 
lolcanoes,^ — the  remains  of  man  and  of  his  works,  and  of 
the  animals  and  plants  which  sre  his  contemporaries,  are 
found  imbedded. 
_.  The  dynamical  effects  of  elevation  appear  to  be  referable 
■i»  three  great  divisions  : — L  The  gradual  rising  of  ridges 
through  large  spaces  of  the  earth's  crust,  and  the  conse- 
quent production  of  longitudinal  fissures  and  lines  of  vol- 
canicvent;  2.  The  long-continued  protrusion  and  eruption 
of  igneous  rocks  along  such  lines  of  vent ;  and  3.  Local 
eruptions  and  protrusions,  producing  valleys  of  elevationt 
dislocations  of  the  strata,  and  other  phenomena  that  ter- 
minate in  ordinary  volcanic  action. 

Such  are  the  deductions  derived  from  the  phenomena 
which  have  been  stibmitted  to  our  examination.  To  the 
mind  previously  unacquainted  with  the  elements  of  geology, 
I  am  ready  to  acknowledge  that  to  attribute  mutability  to 
the  rocks  and  the  mountains,  must  appear  as  startling  and 
incredible^  as  did  the  astronomical  doctrines  of  Galileo  to 
i|he  people  of  his  times  ;  but  the  intelligent  reader,  who  has 
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attentivelj  considered  the  facts  presented,  even  in  this 
brief  survey,  cannot,  I  conceive,  refuse  assent  to  the  in- 
ferences thus  cautiously  obtained.  As  we  proceed  in  our 
investigations,  we  shall  find  that  from  the  earliest  period  of 
the  present  physical  condition  of  our  planet,  its  surface  has 
undergone  repeated  modifications  in  the  relative  distribu" 
tion  of  the  water  and  the  land;  and  as  the  rocks  and 
mountains  and  plains  have  been  subjected  to  perpetual 
mutation,  the  element  which  has  hitherto  been  considered 
as  the  type  of  mutability,  can  alone  be  regarded  as  having 
suffered  no  change.  This  idea  is  finely  embodied  by  Lord 
Byron  in  the  following  sublime  apostrophe  to  the  Ocean, 
with  which  I  will  conclude  this  discourse. 

"  Thy  shores  are  empires,  changed  in  all  save  thee — 
Assyria,  Greece,  Borne,  Carthage,  what  are  they  1 
Thy  waters  wasted  them  while  they  were  free. 
And  many  a  tyrant  since ;  their  shores  obey 
The  stranger,  slave,  or  savage;  their  decay 
Has  dried  up  realms  to  deserts : — not  so  thou. 
Unchangeable,  save  to  thy  wild  waves'  play — 
Time  writea  no  torinkle  on  thine  azure  brow — 
JSuch  as  Creation's  davm  beheld,  thou  rollest  now!  " 

Childs  Habolo,  Canto  iv. 
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1.  Introductory. — In  the  previoiis  Lecture  we  took  a 
comprehensive  view  of  the  actual  physical  condition  of  the 
surface  of  our  planet,  and  of  the  nature  and  effects  of  the 
principal  agents  hy  whicli  the  Innd  is  disintegrated  and 
renewed.  We  found  in  the  modern  fluviatile  and  marine 
deposits  J  that  the  remain  a  of  man,  of  works  of  art,  and  of 
existing  species  of  animals  and  vegetablesj  were  pres^erved. 
■  In  every  step  of  our  progresSj  the  grand  law  of  natiii-e, 
alternate  decay  and  renovation,  was  exemplified  in  striking 
characters.  Whether  in  the  regions  of  eternal  snow,  or  in 
torrid  chmes — in  the  rocki^  and  mountains,  or  in  the  verdant 
plains — ^by  the  agency  of  heat,  or  by  the  effect  of  cold — of 
drought,  or  of  moisture — of  steam,  or  of  vapoJtr^ — hy  the 
abrasion  of  torrents  and  rivers — by  inundations  of  the 
ocean— or  by  volcanic  eruptions — still  the  work  of  destrttct 


tionj  in  cwory  varying];  cUnracttir^  wai*  a|>|mrf*tit  An<l 
on  tliii  other  liiuid  wt^  pt^ri'mVLHl  tliiit  riiniclHt  nil  th(5iM 
prot^esgra  of  decay  and  di-HolntiiJii,  p^rrpotnal  rcnu>'ati*>n 
wan  goinpf  cm  ;  and  tliat  Nntijt*p  wuh  rr'pairinpj  ktsr  ruiiiji, 
and  ai'.c*untnljiting  (VohIi  jualo rials  fur  iiijw  ir^landn  itnd  I'm- 
tin(^ntH|  and  that  InnuitH^rabtn  living  InHirunu^nU  vtvffi 
ernployt^d  to  cimHolidatr,  and  build  up  tho  rocky  iahnc  of 
th<i  <*arth  ;  uiid  that  fvon  thu  niont  tfirrifle  of  phywiral  pbe- 
nomi'ua,  tia*  tmrtlupjaki*  and  thcs  vohmnu,  wrrc  hut  widiUaty 
provinionH  *if  th<i  Sapn^uc*  ('auHO,  liy  whitdi  tlu3  hariMoriy 
und  intpf^Tity  of  our  planet  wcru  jnaintained  and  per* 
ptrtUtttwd* 

'rhi.\  i}V.tnim\m\Q  of  hnman  ^krli^tonn  in  inmharn  lim^tQQf 
—of  rid  UK  and  w<irks  *d'  iirt  in  n*<^nnt  breccia— and  thfl 
prcm^rviition  of  thti  houcK  of  cxintlnpf  HpocioN  of  animiilfit 
and  of  the  InaveB  and  bniNidinH  of  vt'^fttablc^,  in  the  vanoui 
drpuNils  tlnit  tivv  in  pvogvi^m  <d'  iWrination,  inconti^fitablj' 
prov<i  that  i^nduriii^  trmnK/rialn  of  thn  Jn'n^^^*llt  state  of 
animat<ul  nature  will  b(*  tnitMniittnd  t<j  future  af?c«i  Whm 
the  hudw  of  the  existing  Hena  ^hidl  hu  elevated  above  tlw 
wntfrM,  and  covered  with  woods  and  forests — wli^n  tbt 
deltrw  of  onr  riverw  p^!udl  be  eonverred  iiitf*  fertile  traeti, 
and  beeoruii  the  mivn  oi"  ttjwnj^  and  ciliea — we  canuot  doubt 
that  in  the  materialK  extracted  for  lUeir  edifieen,  the  ilwn 
exiKtin^  raeert  of  numkin^l  will  discover  indidihhi  rwxtrdiol 
the  physical  hint^vry  of  our  tim<.^i,  long  al\er  nil  tra^^  of 
thofle  atupendoni4  workp,  npon  which  we  vainly  attempt  to 
eonfer  iinmorLaliiy,  nhall  luive  dijiafipeuced. 

[iut  we  niUHt  runv  preei'ril^  anil  panij  from  the  efdiemeral 
produetionfi  of  man,  to  the  enduring  nionumontR  of  natart^— 
from  the  coini  of  brass  and  silver,  to  the  i!niM*ri*ihftble 
inedalM  on  wliieh  the  past  eveiitR  <jf  t!u*  jjhdie  are  innrriM 

iVoru  thi^  njiuddi'riug  ruiriH  of  teinph*w  and  pidaecitp  lo  tJif 
e X am iunt ion  of  the  mighty  relifK,  which  tlie  ancdiatit  nsvch 
hitionB  of  llie  earth  have  eiitonibud* 
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n  t  Extinction  of  ANiMAts. — Before  we  enter  upon  the 
I  ;?eolotfi('^l  history  of  the  period  immcdhitely  antecedent  to 
I     llie  present,  it  will  l:>e  necessary  to  notice  one  of  the  rao«t 

remarkable  facts  which  modem  investigations  have  demon- 
I   strated,  namely,  the  annihilation  of  numerous  apeciea  and 

genera  of  animalB  and  plantp, 
From  the  continued  tranB mutations  in  the  distribution  of 
'  bmd  and  water,  to  which  the   earth*^  surface   has    been 
rabjectedj  as  indicated  by  our  previous  remarks,  the  de- 
struction of  some  forms  of  animal  hfe  would  seem  to  be 
8  probable,  if  not  inevitable^  result  ;  and  such  proves  to 
have  been  the  case.     But  not  only  has  the  extinction  of 
certain  races  taken  place  ;  —  a  rigid  examination  of  the 
fossil  remains  entombed  in  the  various  strata,  demonstrates 
tbat  other  species,  suited  to  peculiar  states  of  the  earth, 
have  successively  appeared,  and  played  their  part  in  the 
drama  of  life ;  and  when  the  phyj^ical  conditions  of  the 
lands   and   waters  were   altered,   so  as   to  be  no  longer 
adapted  for  the  continuance  of  those  typen  of  animated 
nature,  they  in  turn  passed  away,  and  were  succeeded  by 
new  forms  of  organisation. 

The  annihilation  of  whole  tribes  of  animfiLs  and  plants 
^m  no  doubt  depended  on  a  variety  of  causes ;  and  it  is 
ble  that  in  the  earlier  ages,  an  important  agent  in  the 
extinction  of  many  species,  both  terrestrial  and  aquatic, 
was  the  fre^juent  o&dllation  in  the  relative  position  of  the 
land  and  sea,  and  the  consequent  variations  in  atmospheric 
rondittons, 

3,  Law  op  extinction, — But  there  is  another  consi- 
ieration  that  bears  upon  this  problemj  and  to  which  I  must 
here  briefly  allude.  It  has  been  found  that  in  countries 
^^here  certain  formations  follow  each  other  in  tranquil 
and  uninterrupted  a  accession,  the  same  restriction  of  par- 
ticular fossib?  to  special  groups  of  strata,  and  the  same  dis- 
appearance of  some  species,  and  the  first  advent  of  others, 
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as  rigidly  prevail  as  in  England,  where  the  strata  hm 
been  siibjected  to  violent  and  repeated  physical  revolutions 

Tliia  is  reniarkablj  tke  case  in  Russia,  where  the  Silu- 
riflOj  Devonmoj  Carboniferous,  and  Permian  systems  wf 
rocks  extend  over  immense  regions,  and  arc  compoaed  cl 
horizontal  deposits  of  difit^rent  ages,  nearly  all  conformable 
in  position,  and  yet  clearlj  separable  from  each  other  by 
mineral  characters  and  organic  remains.  Here  then  is 
unequivocal  proof,  that  some  races  of  animals  have  disap- 
peared and  heen  succeeded  by  others,  over  enormously 
extended  ai'eas,  in  which  there  has  never  been  any  gr^nt 
physical  catastrophe,  nor  the  smallest  eruption  of  plutonio 
or  volcanic  matter.* 

These  facts  natui-ally  suggest  the  inquiry,  whether  the 
continuance  of  species  may  not  be  governed  by  some  natural 
law,  in  like  manner  as  is  the  du ration  of  the  life  of  tSifi 
individuals  of  any  given  species.  May  not  some  species, 
for  example,  be  so  constituted  a8  to  continue  but  for  a  few 
hundreds  or  thousands  of  years — others  for  ages — while 
other  organisms  may  be  endowed  with  a  perpetuity  of 
reproduction  through  all  time  ?  In  this  view  of  the  subject, 
species  may  have  become  extinct,  simplj  because  the  pre- 
destined term  iur  the  persifiteneo  of  that  peculiar  form  of 
organism  wa^  expired  i  and  tlds  may  have  taken  place 
without  any  necessary  relation  tt*  surrounding  physical 
conditions*  In  fine,  may  not  the  termination  of  the  ms^ 
like  the  death  of  the  individuals,  be  the  natural  and  ia edi- 
table result  of  their  organi?:ation  ? 

4.  Animai-s  extirpated  Br  human  agency. — But 
leaving  for  tlie  present  the  further  consideration  of  tiii* 

*  '*  Geology  of  Eiisaia^"  by  Sir  E.  I.  Mnpchison-  These  highly  mtfr 
resting  results,  which  are  entirely  due  to  the  labours  of  tbm  emmcni 
philosopher,  have  introduced  a  new  and  important  element  in  tU 
a  peculations  relating  to  the  i^nse  of  the  eiEtinctlon  of  flpecie«  in  Ibt 
ancient  geological  periods. 
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difficult  problem,  we  pass  to  the  examination  of  the  effects 
d  human  agency  on  the  extinction  of  animals  ;  and  we 
shiU  find  conclusive  evidence^  that  since  Man  became 
ihe  lord  of  the  creation,  his  necessities  and  caprice  have 
occasioned  the  extirpation  of  many  speeies  of  animals,  of 
wiiich  relics  occur  in  the  superficial  alluTial  deposits,  asao- 
cinted  with  those  of  contemporary  species,  but  concerDing 
which  both  history  and  tradition  arc  silent. 

In  this  country,  the  beaver,  wolf,  hyena,  bear,  &e*  are 
examples  of  animals  which,  though  exterminated  in  these 
i&landa,  stiU  exist  on  the  continent  j  while  the  Mammoth 
and  Irish  Elk,  of  which  numerous  remains  are  found  in  our 
iiluvia  and  drift,  have  long  since  been  obliterated  from  the 
face  of  the  earth.  That  the  gradual  extinction  of  many  of 
the  existing  species  of  animals  w^ill  be  effected  by  buman 
igency  alone,  cannot  admit  of  question*  In  those  aniraab 
which  supply  fiir,  a  remtu*kable  proof  of  the  immense  de- 
etruetiun  which  is  earned  on,  is  stated  in  a  late  number  of 
the  American  Journal  of  Science,  **  Itnmed lately  after 
South  Georgia  waa  explored  by  Captain  Coot,  in  1771, 
the  Americans  commenced  carrying  seaUskins  from  thence 
to  Chinn,  where  they  obtained  most  exorbitant  prices. 
One  mUlion  two  hundred  thousand  slum  have  been  taken 
from  that  i=^land  alone,  since  that  period  ;  and  nt^arly  an 
wjual  number  from  the  Island  of  Desolation  \  The  numl>ers 
©f  the  fur-seals  killed  in  the  Suutli  Shetland  Isles  (S*  lat. 
63%)  in  1821  and  1822,  amounted  to  three  hundred  and 
twenty  tliousand*  This  valuable  animiil  is  now  almost 
extinct  in  all  tliese  islands."  From  the  most  authentic 
statements  it  appears  certain  that  the  fur  trade  must  hence- 
forward decline^  since  the  advanced  state  of  geographical 
aeience  showa  that  no  new  countries  remain  to  be  explored. 
In  North  America  the  animals  are  slowly  decreasing  from 
the  perseverinix  effort?,  and  the  indiscriminate  slaughter, 
actised  by  the  huntera,  and  by  the  appropriation  to  the 
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iiae  of  man  J  of  those  fonssts  and  rivers  winch  once  alTonled 
them  food  and  protection.  Thcj  recede  with  the  aUorigin^a 
before  the  tide  of  civilization. 

Before  we  proceed  further  in  this  argutnent,  it  will  k 
intereBting  to  notice  a  few  of  the  linki*  which  connect  the 
present  **  chain  of  being"  with  the  poi^t ; — in  other  wordi*, 
those  specie?^  which  arc  on  the  point  of  extinction,  and 
others  which  have  disappeared  within  a  comparativeljr 
recent  period. 

5.  The  Apteryx  (min/^kss  bird)  of  New  Zealand.— 
The  Apteryxj  a  bird  peculiar  to  New  Zealand,  and  belong- 
ing to  a  verj  limited  group,  of  which  the  Oatrieh  is  a  well- 
known  type,  appears  to  be  rapidly  approacliing  cxtinctiont 
It  is  of  the  size  of  a  email  turkey,  of  a  chestnut -brown 
colour,  the  feathers  being  long,  lanetsolate,  and  hair-like,  as 
in  the  Emu,  but  eaeh  plume  has  but  a  single  shaft.  It  \m 
n  Blightly 'Curved  bill}  with  the  nasal  apertureB  at  the  ap^Xi 


not  at  the  base,  as  in  birds  with  a  aimilar  confonnatiOQ  rf 
Ijeak,  whieli  li^  adapted  for  respiration  while  immersed  it* 
mud  or  water*  It  has  no  visible  winga  ;  and  m  the  skeleton 
the  bones  of  the  arm  are  but  very  little  developed.  Ill 
habits  are  nocturnal,  and  it  fetjds  on  worms  and  Insects 
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IB  Yery  difficult  to  be  obtained,  and  h  hunted  by  ton^li- 

ight  bj  the  oati^es  for  the  sake  of  its  skin,  which  is  highly 

prized  to  ornament  the  dresses  of  their  chieis.  It  has  become 

Tery  rare,  and  raust  aoon  be  exterminated,  for  its  numbers 

are  fast  diminishing.* 

6.  The  Mo  a  {Dinoruu  of  Professor  Owen,)  of  New 
Zealand. — About  eight  years  since  a  portion  of  a  femur 
(thigh-bone)  of  large  aize  was  brought  from  New  Zealand, 
and  submitted  to  the  examination  of  Professor  Ovven,  who 
pronounced  It  to  belong  to  a  gigantic  bird  of  the  same 
family  as  the  Apteryx,  Subsequent  discoveries  have 
proved  the  correctness  of  this  iriferencc>  and  the  numerous 
bones  since  received,  establish  the  former  existence  in  the 
islands  of  New  Zealand,  at  uo  very  distant  period,  of  a 
tridactyle  bird,  resembling  the  Apteryx  in  its  general  con- 
formation, but  one -third  larger  than  the  African  Ostrich, 
These  bones  were  found  in  the  alluvial  mud  of  the  rivers ; 
the  largest  collection  sent  to  England  was  obtained  by  the 
Bev.  W.  Williams,  from  Poverty  Bay  ;  the  bones  are  in 
a  very  fine  state  of  preservation,  and  resemble  those  found 
in  our  recent  fluviatile  clays  and  silt 

It  seems  probable  that  these  remains  are  washed  out  of 
ancient  alluvial  deposit,  that  forms  the  present  river- 
lannels :  for  I  am  informed  by  my  son  (Mr.  Walter  Man- 
sll,  of  Wellington,  N.  Z.)  that  he  obtained  bones  from  a 
potato -pit  sunk  by  a  native  at  some  distance  from  any 
stream.  If  this  be  the  case,  these  relics  occupy  the  same 
relative  geological  position  as  those  of  the  mammoth,  horse, 
&Ct,  that  occur  in  the  banks  of  the  Thames. 

It  is  remarkable  that  these  bones  were  referred  by  the 


*  See  Traaa.  Zoolog.  Soc.  of  LondoUT  voh  iL  Another  epeciefi  of 
Apteryx  has  veiy  recently  been  discovered  in  New  Zealflnd ;  it  is 
three  fent  hight  and  its  ef^f^e  sire  ag  ^arge  as  those  of  the  Emu  ;  it  may 
\\hVy  ljt*  a  Bp«<^icji  of  M^m, 
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natives  to  a  gigantic  bird,  whicU  tLey  deemed  saeretl,  m& 
called  Mo  A,  before  these  relics  bad  been  examined  by  any 
EuropeaD,  and  when  the  New  Zealanders  could  not  lave 
known  of  the  existence  of  a  bird  ktrger  than  their  owe 
Apteiyx*  The  native  traditions  assert  tlie  former  abun- 
dance of  these  birds,  and  the  existence  o±*  the  race  at  the 
present  time,  within  the  hallowed  and  Dot  to  be  Tiolateri 
precincts  of  Tongariro.  But  though,  from  the  state  of  the 
boneSj  it  is  probable  that  the  Moa  (if  extinct)  was  extef- 
minated,  like  the  Iriah  Elk,  and  the  Dodo,  hy  man,  yet  iw 
trustworthy  evidence  haij  been  obtained  to  prove  that  it 
was  ever  contemporary  with  the  present  inhabitants,* 

The  bones  hitherto  sent  to  tliis  country  belong  to  nunie' 
roUB  individualrt,  and  are  referable  to  seven  or  mt^ 
species,  materially  differing  from  each  other  in  size.  A. 
considerable  portion  of  the  cranium  has  been  obtained,  and 
this  approximates  very  nearly  to  the  skull  of  the  Dodo. 

Thus  we  have  certain  evidence  that  the  Islands  of  Nei'' 
Zealand  (which  ai'e  situat*id  between  the  30th  and  50tli 
degrees  of  south  latitude,  aud  are  about  900  miles  in  length ) 
were  inhabited,  at  no  very  remote  period,  by  numermis 
species  of  strutbious  {Osirich-Hhs)  birds,  some  of  mucli 
greater  magnitude  than  any  now  known  to  exist;  th»t 
these  are  extinct,  and  but  one  solitary  and  diminutive 
type  of  this  wingless  race,  the  Apteryx,  re  mains ;  and 
this  J  in  all  probability,  is  destined  to  be  speedily  txtxf- 
minated* 

7,  The  Dodo  {Didm  ineptm). — A  remarkable  insti 
of  the  extirpation  of  a  very  peculiar  type  of  organizatio 
afforded  by  the  Dodo,  w^hich  has  beeo   annihilated, 
become  a  denizen  of  the  fossil  kingdom,  almost  before  ow 
eyes.     The  Dodo  was  a  terrestrial  bird  of  the  strutbious 

*  For  1  fiill  accoimt  of  the  Um,  see  Froressor  Oweii*s  Meniour  is  tie 
Zoological  Traiiftactioas ;  alBo  my  Medals  of  Creation,  voL  il  p,  ^It 
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family,  larger  than  a^  turkey,  of  a  dun  colour  on  the  back, 
and  marked  on  the  breast  IJkt^  a  tiock  pheasant  ;  it  abounded 
in  the  Mauritius  and  adjacent  islands*  When  tljoae  coun- 
tries WBre  fir^it  colonized  by  the  Dutch,  about  two  centuries 
ago,  the  Dodo  formed  the  principal  food  of  the  inhabitant^; 


[      Ml 


^ 


Liew.  17.— Tii£  Duuct. 
(Vrom  a  PaJfiting^  in  the  RTitiih  Muieiun.) 

t  as  it  unfortunately  proyed  to  be  incapable  of  domesti- 
lion,  its  numbers  were  soon  diminished^  and  the  species 
insensibly  disappeared.  A  live  Dodo  was  exhibited  in 
Limdon  in  1638  as  a  great  curiosity  ;  and  stufied  specimens 
were  preserved  in  the  varioug  muaeuius  of  Europe:  paint- 
ings of  the  livin'j;  animal  are  still  extant  in  the  Ashmolean 
Mu^^eum  at  Oxford,  and  in  the  British  Museum  {see 
fgn.  17)*  But  the  Dodo  ia  no^  extinct;  it  is  no  longer 
be  found  in  the  isles  where  it  ouce  floiiriRhed,  and  even 
all  the  stuffed  specimens  are  destroyed.  The  only  known 
relics  tliat  remain^  are  the  head  and  foot  of  an  individual 
in  the  AshmoleaUj  the  leg  of  another  in  the  British  Museum^ 
and  a  skull  in  the  mueeum  at  Copenhagen.     To  render  this 
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illustration  complete,  some  bones  of  the  Dodo  have  been 
found  in  a  tufaceous  deposit,  beneath  a  bed  of  lava,  in  the 
Isle  of  France,  and  in  a  cave  in  the  Isle  of  Rodriguez  ;  so 
that  if  the  figures  and  remains  of  the  recent  birds  above 
mentioned  had  not  been  preserved,  these  fossils  would  have 
constituted  the  only  proof  that  such  creatures  had  ever 
existed. 

Thus  it  appears  that  of  the  few  genera  comprised  in  the 
remarkable  family  of  birds,  to  which  the  Ostrich  and 
Cassowary  belong,  no  less  than  two  have  become  extinct ; 
one,  the  Dodo,  within  the  last  century  and  a  half;  the 
other,  the  Moa,  at  no  very  remote  period ;  while  a  third, 
the  Apteryx,  will  soon  share  the  same  fate.* 

We  pass  on  to  the  consideration  of  the  extinct  mam- 
malia. 

8.  The  Irish  Elk,  (Cervtts  megaceros,  or  Elk  with 
great  antlers.)  The  shell  marls  of  Ireland  contain  the 
bones  of  an  animal  which,  like  the  Dodo,  was  once  con- 
temporary with  the  human  species,  but  is  now  extinct :  the 
last  individuals  of  the  race  having,  in  all  probability,  been 
destroyed  by  man.  These  remains  commonly  occur  in  the 
beds  of  marl  beneath  the  peat-bogs,  which  are  apparently 
like  those  of  Scotland,  the  sites  of  ancient  lakes,  and  bays. 
In  Curragh,  immense  quantities  of  these  bones  lie  within 
a  small  space ;  the  skeletons  appear  to  be  entire,  and  are 
found  with  the  skull  elevated,  and  the  antlers  thrown  back 
on  the  shoulders,  as  if  a  small  herd  of  these  Elks  had  sought 
for  refuge  in  the  marshes,  and  had  sunk  into  the  morass 
and  been  suffocated.  Remains  of  the  Elk  occur  also  in  marl 


*  The  Struthionidae  are  remarkably  restricted  in  their  geographical 
distribution.  Thus  the  Ostrich  inhabits  Africa,  and  the  Rheus,  Ame- 
rica ;  while  the  Dodo  appears  to  have  been  limited  to  the  Mauritius, 
and  the  Moa  and  Apteryx  confined  to  New  Zealand.  See  a  highly 
interesting  article  on  the  Dopo  in  the  Penny  Cyclopedia. 
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I   Slid  griivel,  in  many  parts  of  Engl  an  dl,  France.  Germany,  ^| 
I    and  Italy,  associated  witli  recent  Bpeciea  of  river-.s hells.         H 
1      This  tjxtiiici  creature  far  e^tceeded  in  mugnitude  any  ™ 
I  living  species  of  deer*     The   skeleton  is  upwards  of  ten 
f  ftjft  higk   from    the  ground  to  the  highest  point  of  the 
Mtlei'gij  which  are  palmated,  and  are  from  ten  to  fourteen 
I   i'eet  from  one  extremity  to  the  other.*     Skulls  have  b«en 
I  fouiifi  without  horna,  and  are  eupposeti  to  Imve  belonged 
I   to  females ;  the  average  weight  of  the  skull  and  antlera  id 
I  Jilwut  seventy -five  pounds.     The  bones  are  generally  in  a 
I  fee  state  of  preservation,  tjf  a  dark  brown  eoloiir,  with 
I  bm?  and  there  a  bluish  incrustation  of  phosphate  of  iroUj  fl 
I  lOte  ihuse  of  the  deer  from  Leweji  Levels.     In  some  in-  ■ 
I  stanees  they  are  in  such  a  state  of  preservation  that  the 
I  medullary  cavities  contain  marrow  having  the  appearance 
I  of  fresh  suet,   and   which  hums  on  the  appHcation  of  a 
[  lighted  taper.     This  Elk  shed  its  horns,  and  prabably,  Uke 
^'listing  species,  annually.     The  researches  and  observa-  ^ 
tioris  of  Profe!?sor  JamesoHj  Mr.  Weaver,  and  others^  have  ■ 
rendered    it   highly  probable  that   this    majestic  creature 
I   was  coeval  with  man.     A  aknll  was  discovered  in  Ger- 
many, associated  with  urns  and  stone  hatchets  ?  and  in  the 
i  wtiaty   of  Corkj    a  human   body    was   exhnmed  from  a  m 
I  wet  and  marshy  soil,   beneath  a  bed  c>f  peat  eleven  feet  I 
'  Ihiek ;  the  body  was  in  good   preservation,  and  enveloped 
f  k  a  deer-skin  covered  with  hair 3  which  appeared  to  be 
I  Ihat  of  a  gigantic  Elk*     A  rib  of  this  animal  haa  been 
f  round,  in  wiiich  there  is  a  perforation  evidently  occasioned 
I  b^  a  pointed  instrument  while  the  creature  was  alive;  for 
I  there  h  an  eifnsion  of  callus  or  new  bony  matter,  which 
I  catild  only  have  resulted  trom  something  remaining  iji  the 
I  Wound  for  a  considerable  period ;  such  an  eifectj  indeed, 
u»  would  be  proiluced  by  the  head  of  an  arrow  or  spear. f 

1     •  There  is  a  Hue  rtkul^lon  of  the  IriHji  Klk  in  the  Bntiili  Mumium* 
I    t  JuDQMn'i  Curler.  f 
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There  is,  tliereforej  presumptive  evidence  that  the  list 
individu*ilB  of  the  race  were  extirpated  by  the  hunter- 
tribes  who  first  took  posgession  of  these  islands. 

Beds  of  gravel  and  satidj  contahaiug  recent  species  of 
marine  shells  with  bonesi  of  the  Wsh  Elk,  have  been  ob- 
served in  the  vicinky  of  Dublin,  at  an  elevation  of  two 
hundred  feet  above  the  level  of  the  sea**  This  extinct 
quadruped,  though  found  in  peat -bogs  and  morasses  of 
con)paratively  very  recent  date,  must  therefore  have  be«n 
an  inhabitant  of  Ireland  antecedently  to  some  of  the  last 
changes  in  the  relative  position  of  the  land  and  water,  Tli? 
discovery  of  a  vast  number  of  skeletons  in  the  small  arcft 
of  the  Isle  of  Man,  seems  to  indieate  a  great  alteration  m 
the  extent  of  land  and  sea;  for  it  is  ditBcult  to  conceive  i\\U 
such  herds  of  this  gigantic  race  could  exist  in  so  Hmited 
a  district.  It  is  therefore  probable  that  the  islancl  wx^ 
separated  from  the  main  land  at  no  remote  geological 
period,  by  subsidences  commensurate  with  the  elevation* 
of  which  Ireland  affords  such  decisive  evidence. 

In  the  examples  above  describedj  we  have  an  interesting 
transition  from  the  living  to  the  lost  types  of  animal  exist- 
ence, let,  Species  no  longer  inliabitants  of  the  Britiah 
jslandSj  but  still  living  in  other  countries  ;  2dly,  AnimiJ* 
which  have  been  exterminated  within  the  last  few  cen- 
turies ;  lastly,  Species  that  have  been  utterly  destroyed  Ij 
tbe  early  races  of  mankind. 

9,  Epoch  of  tebhestrial  mammalia. — We  must  nw 
advance  another  step  in  the  history  of  the  past,  and  proceed 
to  the  consideration  of  the  geological  phenomena  presentd 
by  the  period  immediately  antecedent  to  the  present,  wben 
vast  regions  were  inhabited  l>y  large  herbivorous  mammaliai 
with  which  species  of  existing  races  were  associated. 
Thus  while  the  present  may  be  termed  the  Modern  or 

•  Rv  Dr.  ScQUkr. 
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Human  Epochs  that  which  forms  the  immediate  subject 
of  investigatioD  may  be  designated  the  Epoch  of  terrestrial 
mammalia, 

"  When  the  traveller,"  says  Cuvier,  "  passes  over  those 
fertile  plains,  where  the  peaceful  waters  preserve,  by  their 
regular  course,  an  abundant  vegetation,  and  the  soil  of 
which  is  crowded  by  an  extensive  population,  and  enriched 
by  flourishing  cities,  which  are  never  disturbed  but  by  the 
ravages  of  war,  or  the  oppression  of  despotism,  he  is  not 
inclined  to  believe  that  nature  has  also  had  her  intestine 
wars,  and  that  the  surface  of  the  globe  has  been  overthrown 
by  various  revolutions  and  catastrophes.  But  his  opinions 
change  as  he  penetrates  into  that  soil  at  present  so  peace- 
ful; or  as  he  ascends  the  hills  which  bound  the  plains. 
His  ideas  expand,  as  it  were,  with  the  prospect ;  and  so 
soon  as  he  ascends  the  more  elevated  chains,  or  follows  the 
beds  of  those  torrents  which  descend  from  their  summits, 
he  begins  to  comprehend  the  extent  and  grandeur  of  the 
physical  events  of  ages  long  past.  Or  if  he  examines  the 
.  quarries  on  the  sides  of  the  hills,  or  the  cliffs  which  form 
the  boundaries  of  the  ocean,  he  there  sees,  in  the  displace- 
ment and  contortion  of  the  strata,  and  in  the  layers  of 
water -worn  materials,  teeming  with  the  remains  of  animals 
and  plants,  proofs  that  those  tranquil  plains,  those  smooth 
unbroken  downs,  have  once  been  at  the  bottom  of  the  deep, 
and  have  been  lifted  up  from  the  bosom  of  the  waters ;  and 
everywhere  he  will  find  evidence  that  the  sea  and  the  land 
have  continually  changed  their  place."* 

In  almost  every  part  of  the  world,  beneath  the  modern 
alluvial  soil,  extensive  beds  of  gravel,  clay,  and  loam,  are 
found  spread  over  the  plains,  or  on  the  flanks  of  the  moun- 
tain chains,  or  on  the  crests  of  yanges  of  low  elevation  ;  and 
in  these  accumulations  of  marine  and  fluviatile  debris,  are 

»  "  Discours  sur  les  Revolutions  de  la  Surface  du  Globe." 
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imbedded  immense  quantities  of  the  bones  of  large  mam- 
malia. These  belong  principally  to  animals  related  to  the 
elephant,  as  the  mammoth,  mastodon,  &c.,  and  to  species  of 
hippopotamus,  rhinoceros,  horse,  ox,  deer,  &c. ;  and  some 
are  referable  to  extinct  genera  ;  while  in  caverns  and  fissures 
of  rocks,  more  or  less  filled  with  loam  and  breccia,  bones 
of  tigers,  boars,  hyenas,  and  other  carnivora,  occur.  I?^)8- 
sils  of  this  kind  exist  in  great  abundance  in  various  paris 
of  Europe,  Asia,  and  America;  they  are  found  alike  ii 
the  tropical  regions  of  India,  and  in  the  frozen  plains  of 
Siberia;  and  there  are  but  few  considerable  districts  in 
Great  Britain  in  which  some  vestiges  of  this  kind  do  not 
occur. 

10.  Fossil  mammalian  remains. — For  the  convenience 
of  study,  Dr.  Buckland  classes  these  remains  under  five 
heads,  namely: — 

First,  Bones  of  land  animals,  that  were  drifted  into 
estuaries,  and  are  associated  with  marine  shells ;  such  as 
those  found  in  the  Sub-Apennine  formations;  and  in  the 
beds  of  gravel,  sand,  &c.  provincially  termed  Crag,  in 
Norfolk  and  Suffolk ;  in  loam  and  chalk  conglomerate  in 
the  cliffs  of  Kent  and  Sussex ;  and  in  clay  off  Harwich  and 
Heme  Bay. 

Secondly.  Terrestrial  quadrupeds,  imbedded  with  fresh- 
water shells,  in  strata  that  have  been  formed  during  the 
same  epoch  as  the  above,  at  the  bottom  of  fresh-water  lakes 
and  in  the  beds  of  rivers  and  deltas ;  such  are  the  fossil 
bones  of  the  lacustrine  marls  of  the  Val  d'Arno ;  those  in 
the  valley  of  the  Thames,  &c. 

Thirdly.  Similar  remains  in  superficial  drift  spread  over 
the  surface  of  rocks  of  all  ages  ;  as  in  beds  of  gravel  near 
London ;  Petteridge  Common  in  Surrey,  &c. 

Fourthly,  Bones  of  carnivorous  and  herbivorous  ani- 
mals, accumulated  in  caverns  and  fissures  of  rocks,  during 
the  later  period  of  the  same  epoch.     The  caves  of  Gray- 
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lenreuth,  Kirkdale,  Kent's  Hole  near  Torquay,  &c.  are 
examples. 

Lduily.  Osseous  breccias  that  occur  in  fissures  of  lime- 
stone on  the  shores  of  the  Mediterranean,  in  the  Ionian 
Isles,  in  the  rock  of  Gibraltar,  at  Plymouth,  in  the  Mendip 
hills,  &c* 

Before  directing  your  attention  to  the  fossils  before  us, 
which  are  from  alluvial  deposits  of  various  ages  and  from 
different  localities,  it  will  be  necessary  to  review  the  leading 
principles  of  the  science  which  treats  of  the  structure  of 
organized  beings.  Thus  while  in  the  preceding  lecture  we 
referred  to  Astronomy  to  dissipate  the  obscurity  which 
shrouded  the  earliest  physical  condition  of  our  planet,  wc 
are  now  led  to  that  important  department  of  natural 
knowledge  termed  Comparative  Anatomy ^  to  enable  us  to 
determine  the  extinct  forms  of  animal  existence.  I  shall 
therefore  explain  the  mode  of  induction  employed  by  the 
scientific  observer  in  the  investigation  of  the  fossil  remains 
of  animals,  and  by  which  he  is  enabled  to  ascertain  the 
structure  and  economy  of  creatures,  which  have  long  since 
disappeared  from  the  face  of  the  earth. 

11.  Comparative  anatomy. — To  a  person  uninstructed 
in  anatomical  details,  the  specimens  before  us  would  appear 
a  confused  medley  of  bones,  and  of  osseous  fragments  im- 
pacted in  solid  stone  ;  and  the  only  knowledge  he  could 
derive  from  their  examination  would  be  the  fact,  that  the 
stone  was  once  in  the  state  of  sand  or  mud,  in  which, 
while  soft,  the  bones  had  become  imbedded.  But  in  vain 
would  he  seek  for  further  information  from  these  precious 
historical  monuments  of  Nature  ;  to  him  they  would  prove 
as  unintelligible  as  were  the  hieroglyphics  of  Egypt,  before 
Young  and  ChampoUion  explained  their  mysterious  import. 
It  is  only  by  an  acquaintance  with  the  structure  of  the  living 

♦  Dr.  Buckland's  Bridgwater  Essay,  p.  94. 
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forms  around  us,  and  by  acquiring  an  intimate  knowledge 
of  their  osseous  framework  or  skeleton,  that  we  can  hope 
to  decipher  the  handwriting  on  the  rock,  obtain  a  clue  to 
guide  us  through  the  labjrinth  of  fossil  anatomy,  and  con- 
duct to  those  interesting  results,  which  the  genius  of  the 
immortal  Cuvier  first  taught  us  how  to  acquire.  And  here 
it  will  be  necessary  to  enter  upon  the  consideration  of  those 
admirable  principles  of  the  correlation  of  structure  in 
organized  beings,  that  were  first  announced  by  that  illus- 
trious philosopher,  and  which  form  the  basis  of  all  palae- 
ontological  knowledge. 

The  organs  of  every  animal,  observes  Baron  Cuvier,  must 
be  regarded  as  forming  a  machine,  the  parts  of  which  are 
mutually  dependent  on  each  other,  and  exquisitely  adapted 
for  the  functions  they  are  destined  to  perform  ;  and  such  is 
the  intimate  relation  of  the  several  organs,  that  any  varia- 
tion in  one  part,  is  constantly  accompanied  by  a  correspond- 
ing modification  in  another.  This  correlation,  or  mutual 
adaptation  of  the  several  parts  of  the  animal  fabric,  is  a  law 
of  organic  structure,  which,  like  every  other  induction  of 
physical  truth,  has  only  been  established  by  patient  and 
laborious  investigation.  It  is  by  the  knowledge  of  this  law 
that  we  are  enabled  to  reassemble,  as  it  were,  the  scattered 
remains  of  the  beings  of  a  former  state  of  the  globe, — to 
determine  their  place  in  the  scale  of  animated  nature, — 
and  to  reason  on  their  organization,  habits,  and  economy, 
with  as  much  clearness  and  certainty,  as  if  they  were  still 
living  and  before  us. 

I  will  demonstrate  this  proposition  by  a  few  examples. 
Of  all  the  solid  parts  of  the  animal  frame  the  most  obviously 
mechanical  are  the  jaws  and  teeth  ;  and  as  we  know  in  each 
instance  the  ofiices  they  are  intended  to  perform,  these 
organs  afford  the  most  simple  and  striking  illustration  of 
the  principles  above  enunciated. 

12.  Osteology  of  the  carnivora. — If  we  examine  the 
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jaws  of  the  skulls  before  us,  those,  for  example,  of  a  Bengal 
Tiger  {lAgn.  18),  and  of  a  Cat  {lAgn.  19),  we  perceive  that 
there  are  cutting  teeth  in  front,  sharp  fangs  on  the  sides,  and 
molar,  bruising,  or  crushing  teeth,  in  the  back  part.     The 


LiGN.  18. — Skull  of  the  Bengal  Tiger. 

molars  rise  into  sharp  lanciform  points,  and  overlap  each 
other  in  the  upper  and  lower  jaw,  like  the  edges  of  a  pair 
of  shears  ;  and  the  teeth  are  externally  covered  with  a 
thick  crust  of  enamel.  This  is  evidently  an  apparatus  for 
tearing  and  cutting  flesh,  or  for  cracking  bones  ;  but  is 
not  suited  for  grinding  the  stalks  or  seeds  of  vegetables. 
The  jaws  fit  together  by  a  transverse  process  or  joint,  which 
moves  in  a  corresponding  depression  in  the  skull,  like  a 
hinge  ;  they  open  and  shut  like  shears,  but  admit  of  no 
grinding  motion  ;  this,  then,  is  such  an  articulation  as  is 
adapted  for  a  carnivorous  animal ;  and  every  part  of  this 
instrument  is  admirably  fitted  for  its  ofiice: 

But  all  these  exquisite  adjustments  would  be  lost,  were 
there  not  levers  and  muscles  to  work  the  jaws, — were  not 
each  portion  of  the  animal  frame  adapted  to  all  the  other 
parts, — and  were  not  the  instincts  and  appetites  of  the 
animal  such  as  are  calculated  to  give  to  this  apparatus  its 
appropriate  movements. 

Let  us  reverse  the  order  of  the  argument, — let  us  assume 
that  the  stomach  of  an  animal  be  so  organized  as  to  be 
fitted  for  the  digestion  of  flesh  only,  and  that  flesh  recent, — 
we  should  find  that  its  jaws  would  be  so  constructed  as  to 
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tit  them  for  devouring  live  prey,— the  claws  for  seizing  and 
tearing  itj — the  teeth  for  cutting  and  dividing  it,— the  whole 


LlflK.    l^H— SlCtTLL    OP    A    WfLU    Cat. 
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system  of  its  powers  of  motion  for  pursuing  and  overtaking 
itj  —the  orgaas  of  sense  for  discovering  it  at  a  distance, — 
and  the  brain  endowed  with  the  itistinct  necessary  for 
teaching  the  animal  how  to  conceal  itself,  and  lay  snares  for 
its  victims.  Such  are  the  general  relations  of  the  structure 
of  carnivorous  animals,  and  which  every  heiijg  of  this  class 
must  indispensahly  combine  in  its  constitution,  or  its  race 
cannot  exdst.  But  subordinate  to  these  principles,  arc 
others  connected  with  the  nature  and  habits  of  the  prey 
upon  which  the  animal  is  intended  to  subsist^  and  thence 
result  modihcations  of  the  details  in  the  forms  which 
arise  from  the  general  conditions.  ThuSj  in  order  that  the 
animal  may  have  tlic  power  requisite  to  carry  off  its  prey^ 
there  must  be  a  certain  degree  of  vigour  in  the  muscles 
which  elevate  the  head ;  and  thence  results  a  determinate 
form  in  the  vertebrue  or  bones  from  which  these  muscles 
originate^  and  in  the  back  of  the  skull  in  which  they  are 
inserted.  That  the  paws  may  be  able  to  seize  their  prey> 
there  must  be  a  certain  degree  of  mobihty  iu  the  toegj  and 
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of  Strength  in  the  clawSj  and  a  coiTe^^ponding  form  in  all 
the  bones  and  museles  of  the  foot.  It  is  unnecessary  to 
extend  these  remarksj  for  it  will  easily  be  seen  that  similar 
ctHicUisions  may  be  drawn  with  regard  to  all  the  other  part^ 
of  the  animal,*  In  the  Tiger  and  IheCat^  (Lifftt.%  18,  19,) 
we  have  a  familiar  illustration  of  what  has  been  advanced, 

1 3.  Osteology  op  the  iiEiiisivoriA. — In  animals  which 
are  destioed  to  live  on  vegetables  we  have  the  same  mutual 
relations ;  the  sharp  faiigs  of  the  teeth  are  wanting  ;  the 
enamel  is  not  all  placed  on  the  top  of  the  teeth  as  in  the 
camivora,  but  arranged  in  deep  vertical  layers,  alternating 
with  bony  matter ;  and  this  arrangement  secures,  in  all 
states  of  the  teeth,  a  rough  grinding  snrfacei  a^  in  the  horse 
and  the  elephant.     The  flat  molar  teeth  are  not  formed  for 


LlftK.   20, — SK1:l£^El   FF   THE   HOItiEp 

cutting,  but  for  mastication,  and  the  jaws  are  loosely  arti- 
i^ulated  togetlier,  i^o  a.s  to  aUow  of  a  grinding  movement ; 
had  the  socket  and  corresponding  part  of  the  jaw  been  the 
Fame  as  in  the  tiger,  the  teeth  conld  not  have  performed 
their  office  ;  in  the  skull  of  the  horse  {Ligm  20),  this  modi- 
fication   of   structure    is    exemplified,      A  gain  ^    I    might 


♦  CoBBult  Cuvior'a  *^Biscoui«  iur  Ics  Rfivolutjona  ;"  ''  Legons  d*An«r 
tomie  Compamtive  j"  *'  OeeemeDs  FoflBiles/'  &c. 
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proceed  in  the  argument,  and  show  the  adaptation  of  the 
muscles  of  the  head  to  the  apparatus  here  described  ;  and, 
beginning  with  the  jaw,  review  the  whole  animal  frame, 
and  demonstrate  how  all  its  parts  are  alike  wonderfully 
constructed  and  fitted  together,  to  perform  the  functions 
necessary  for  the  being  to  which  it  belongs. 

In  the  Elephant,  which  has  but  four  teeth  in  each  jaw, 
the  deficiency  of  prehensile  incisor  teeth  being  supplied 
by  that  wonderful  instrument,  the  proboscis,  or  trunk,  the 
structure  of  the  dental  organs  is  still  further  modified. 
The  teeth  of  animals  are  formed  of  three  distinct  substances, 
which  are  variously  disposed  in  the  different  orders,  accord- 
ing to  the  habits  and  economy  of  the  species.  The  nucleus,  or 
germ  of  the  tooth,  is  a  congeries  of  blood-vessels  and  nerves, 
called  the  'pulp,  by  which  the  calcareous  hard  parts  are 
elaborated.  The  pulp  is  surrounded  by  a  covering  of  a  very 
dense  substance,  composed  of  phosphate  of  lime,  with 
albumen  and  gluten,  termed  dentine,  or  tooth-ivory,  which 
is  permeated  throughout  by  very  minute  tubes.  The  den- 
tine is  encased  in  a  stiU  harder  material,  called  enamel.  In 
the  teeth  of  man,  and  of  the  carnivora,  the  enamel  covers  the 
-entire  external  surface  of  the  crown.  There  is  a  third  sub- 
stance, a  coarse  kind  of  dentine,  of  an  opaque  anti  yellowish 
appearance,  termed  crusta  petrosa,  or  cement,  which,  in 
the  Elephant  and  other  herbivora,  is  interstratified  with 
the  enamel  and  dentine.  The  intermixture  of  these  three 
dental  elements — the  tooth-ivory,  cement,  and  enamel — ^is 
apparent  on  the  worn  surfaces  of  the  teeth  of  elephants  ; 
and  it  differs  in  the  several  recent  and  fossil  species.* 

In  the  African  elephant,  {Lign.  2l,Jig,  1,)  the  worn  surface 
of  the  molar  teeth  presents  a  serie^i  of  lozenge-shaped  lines  of 
enamel,  having  the  dentine  on  the  inner  margin  of  the  ridges, 
-and  being  surrounded  by  the  crusta  petrosa.  In  the  Asiatic 

*  See  "Medals  of  Creation,"  vol.  ii.  p.  837 ;  "  Teeth  of  Mammalia." 
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species  {J^0^  3)  the  enamel  forms  narrow  trans  verge  ban  da  ; 
and  the  too  lb  of  the  Mammoth,  or  fossil  elepliantj  ifig.  2,) 
baa  an  analogous,  but  somewliat  difftirent  diatribution. 


12  6 
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Fig.  L  The  worn  iurfaco  of  the  crown  af  a  tooth  of  ill o  Africa n  Elephant  Fig.  2, 
Grinding  £iiffdcc  of  a  tciioth  of  the  MamiuDtht  or  foaail  Llephaat  F|g.  ^h  Griud- 
iDg  surface  of  the  Aeiatic  Elephant 

,  The  appearances  shown  in  these  horizontal  sections  of 
^^the  crown  of  the  teeth,  arise  from  the  dentine  being 
*  disposed  in  parallel  and  rertieal  plates  which  have  an  im- 
mediate investment  of  enamel,  and  art;  bound  together  by 
an  external  layerof  cement  that  envelopes  the  entire  series, 
winch  often  consists  of  from  twenty  to  thirty  plates.  By  this 
peculiar  modiJication  of  structure,  a  rough  grinding  surface, 
adapted  for  the  mastication  of  vegetable  food,  is  always 
maintaioedj  from  the  unequal  wearing  away  of  substances 
of  such  different  degrees  of  Jmrdness, 

14.  Dental  organ^s  of  the  kodentxa,  or  gnawers. — 
In  the  jaws  of  an  intermediate  order  of  animalSj  we  find 
new  modifications  of  the  ^ame  apparatus^  Thus  the  Ro- 
dentifij  or  gnawers,  have  loag  sharp  cutting  teeth,  like 
J  nippers ;  it  is  by  these  instruments  that  the  rat  can  speedUy 
gnaw  a  hole  through  a  board,  and  the  squirrel  in  a  nut,  in 
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consequence  of  their  exquigite  adaptation  for  theae  opera* 
tioi^s.  In  the  skull  of  thii  Squirrel  (Lifjn,  22j  Jiff.  2)  the 
front  teeth  are  of  enoraioug  si^e,  as  compared  with  the 


Flff,  1 .  Inner  side  of  the  left  lower  jaw  of  a  Florida  rat,  {Arvi^ota  Fiortdannti  of  the 
natural  siae- 
2.  3k  ul]  i}f  Uie  »qukre]. 
p.  MohLT  tteth  of  the  upper  jkw  of  &  FtoHdi  nit,  mag[nifled }  tieen  ohllquelyp 

molar,  and  thej  lock  together  in  such  manner  as  to  render 
B.  grinding  movement  impossible ;  a  corresponding  adjnst- 
mentf  therefore,  takes  place,—  the  lower  jaw  is  so  construe  ted 
as  to  work  in  the  skull  neither  in  a  transverse  nor  in  a  rota- 
tor j  direction,  hut  lengthwise,  like  the  action  of  a  carpenter 
using  his  plane,  the  teeth  moving  backwards  and  forwards ; 
as  ma  J  be  observed  in  the  rabbit  while  eating  its  food* 
The  enamel  of  the  molar  teeth,  as  for  example  in  those  of 
the  Eat,  {see  Lign  22,  Jitj,  3)  is  placed  vertically  and  trans- 
verse to  the  jaw,  so  as  to  furm  an  admirable  grinding 
surface.  But  this  is  not  the  only  variation  of  structure 
observable  in  these  teeth.  The  incisors  being  implements 
of  constant  use,  are  renewed  Ivy  continual  growth,  and  there 
is  a  special  provision  for  their  support  in  a  bent  socket 


The  enamel  in  unequally  diatributed  rouod  the  tooth,  being 
very  thin  behiiad  and  thick  in  fronts  by  whieU  means  the 
cutting  edn^es  are  always  preserved ;  ior  by  the  act  of 
gnawing,  the  hinder  part  of  the  incisor  wears  away  quicker 
thaJi  the  fore  part^  and  thuf^  a  sLarp  inclined  edge,  like  that 
of, an  adze  or  chisel,  is  maintained,  and  which  is  the  very 
form  required  in  the  economy  of  the  auimal.  The  teeth  of 
the  common  rabhit  or  hare  will  exeniplifj  these  remarks, 

15.  CI-EXERA.L  iNFEEENCEs. — These  are  but  a  few  in- 
stances of  those  admirable  adaptations  of  means  to  ends, 
which  are  observable  throughout  the  various  classes  of 
organized  beings  ;  but  the  limits  of  a  single  lecture  will  not 
admit  of  more  examples,  and  it  is,  I  trust,  unnecessary 
to  oiFer  additional  proofj^,  tliat  the  coucluaions  of  geologists 
as  to  the  nature  of  the  ancient  inhabitants  of  our  globe,  are 
not  vague  assumptions,  as  those  unacquainted  with  the 
science  might  suppose,  hut  the  legitimate  deductions  of 
laboriona  and  patient  investigations.  A  few  teeth  and 
bones — -sometimes  but  a  single  relic  of  this  kind — are  the 
elements  by  which  the  palaeontologist  is  enabled,  not  only 
to  restore  the  forma  of  creatures  now  banished  from  the 
fac-c  of  the  earth,  but  also  to  ascertain  their  habits  and 
economy,  and  even  arrive  at  positive  conclusions  respecting 
the  nature  of  the  country  of  which  they  were  once  the 
inhabitants.  If  we  find  the  remains  of  animals  which  were 
herbivorous,  it  follows  that  there  must  have  been  a  condi- 
tion of  nature  calculated  for  the  growth  of  vegetable  pro- 
ductions for  their  subsistence ;  a  suitable  soil  and  climate, 
and  a  country  diversified  by  hills,  valleys,  and  plains^  with 
streams  and  rivers  to  carry  off  the  superfluous  waters. 

The  same  laws,  under  certain  modifications,  apply  to 
other  classes  of  beings.  In  birds,  tlie  form  of  the  feet  is 
modified  according  to  the  habits  of  the  different  orders* 
In  the  parrot,  (LlgrL  22^  fig.  3,)  the  claws  are  adapted  to 
cUmb  trees  and  perch  on  the  branchei ;  but  in  the  eagle 
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they  are  widely  different,  for  its  talons  are  constructed  to 
lacerate  and  tear  its  prej  (fy,  4).  The  feet  of  aqMtic 
birds  are  formed  Like  a  paddle  or  oaTj  to  enable  them  to 


Fig.  Ik  Fuot  of  thB  Heron;  Tis-  2.  of  tlie  Oalrich  :  Ti«.  3.  ofthp  Farroi; 
Fig.  i.  of  Ehe  Ea^lp;  Fi|r.  ,*i.  of  the  Pelican. 


make  their  way  through  the  water  (^y.  5) ;  those  of  bir^ 
that  frequent  marshes  have  a  great  expansion,  like  a  tripoA 
thut  they  may  move  over  the  unstable  surface  of  the  monsi 
{fig,  1) ;  while  in  species  deatined  to  inhabit  sandy  deserts  I 
as  the  Ostrich  (fig.  2),  the  feet  present  a  correaponding I 
modification  of  structure* 

We  perceive^  therefore,  that  every  vertebrated  mhsd  I 
has  a  solid  and  durable  skeleton,  or  osseous  support,  fotrnd 
upon  one   general  plan,    but  modified  in    almost  endle*  I 
variety,  in  the  relative  magnitude,  situation,  and  aspect  rf  I 
the  different  partjsi,  so  as  t^  adapt  itself  to  the  various  habit*  j 
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and  functions  of  the  diversified  forms  of  animd  life.  In 
short,  that  the  Author  of  nature  has  by  these  changes  varied 
the  same  general  fabric  in  innumerable  ways,  bestowed 
upon  it  a  thousand  different  instincts  and  passions,  and 
adapted  it  to  every  element  and  climate,  and  to  every 
possible  variety  of  food  and  mode  of  existence ;  and  it  is 
by  a  profound  knowledge  of  these  principles  of  the  cor- 
relation of  the  different  parts  of  every  organized  creature, 
that  the  scientific  observer  is  enabled  to  reconstruct  the 
forms  of  extinct  animals. 

We  may  now  enter  upon  that  department  of  geology 
called  Palceontohgy,  or  the  science  which  treats  of  the 
fossil  remains  of  the  beings  which  inhabited  our  planet  in 
former  ages. 

16.  Fossil  elephants,  &c. — As  the  bones  and  teeth 
are  the  least  |)erishable  parts  of  the  animal  structure,  they 
are  in  general  the  only  indications  of  the  characters  of  the 
ancient  mammalia.  Occasionally  very  delicate  parts,  such 
as  the  tunic  of  the  eye,  the  membranes  of  the  stomach,  the 
hair  and  integuments  of  the  skin,  &c.  are  preserved  in  a 
fossil  state,  examples  of  which  we  shall  hereafter  adduce. 
In  the  older  rocks,  the  bones  are  generally  mineralized, 
and  no  longer  possess  the  white  and  glossy  appearance  of 
the  recent  skeleton ;  but  those  which  occur  in  superficial 
gravel,  and  in  caverns,  are  commonly  of  a  porous  and 
earthy  character,  like  bones  that  have  lost  a  portion  of 
their  animal  matter  by  being  buried  in  a  dry  and  loose 
soil. 

The  fossil  bones  and  teeth  we  have  now  to  examine  are 
separable  into  two  classes,  namely,  those  which  occur  in  the 
gravel,  marl,  &c.,  of  the  drift  and  alluvial  deposits,  and 
those  buried  in  fissures  and  caverns.  The  former  are 
principally  referable  to  herbivorous  pachyderms  and  rumi- 
nants; the  latter  to  carnivora. 

I  will  first  take  a  brief  review  of  the  remains  of  the 
L  2 
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large  herbivora^  eapetriiillj  of  tluise  allieil  to  the  elepKantine 
family,  which  occur  in  great  abundance,  and  ar«  very 
generally  distributed  throughout  Europe,  A^m,  and  Ame- 
rica* In  the  earlier  agei^,  these  colossal  bone^  were  sup- 
posed to  belong  to  gigantic  races  of  mankind,  and  gave  im 
to  the  marvellous  traditions  of  giants j  ao  rife  in  every 
country  in  Europe ;  but  we  need  not  smile  at  the  ignortuoe 
and  credulity  of  our  ancestorg^  for,  not  many  years  sinoc^ 
a  fossil  tooth  of  an  elephant,  found  in  digging  a  well  in 
Brighton,  wa^  supposed  to  be  a  |Mitrified  cauhrtower! 

In  RuBaia,  and  more  especially  in  Siberia,  the  fell 
bones  of  extinct  species  of  Eleplianti,  and  other  marn* 
malia,  are  found  throughout  all  the  low  lands,  and  in  the 
sandy  plains  which  extend  from  the  borders  oi'  Europe^ 
to  the  nearest  extreme  point  of  America,  mid  soutii 
and  north  from  the  base  of  the  mountains  of  central  Asia, 
to  the  shores  of  the  Arctic  sea*  Within  this  apace,  which 
is  almost  equal  in  extent  to  the  whole  of  Europe,  fossil  ivory 
is  everywhere  to  be  found  j  and  the  tusks  are  so  nuraercnii 
and  well  preserved,  especially  in  Korthern  Russia,  that 
thousands  are  annually  collected,  and  form  a  lucrative 
article  of  commerce-  In  Siberia  alone,  the  reinainfJ  of  » 
greater  number  of  elephants  have  been  discovered,  tbw 
are  supposed  to  exist  at  the  present  time  all  over  th« 
world.* 

17.  Fossil  mammalia  of  the  valley  of  the  Thames 
— It  may  appear  astounding  to  some  of  my  reiiders  to  treat 
of  elephants,  rhinoceroses,  hipf>opotami,  and  gigantic  t\H 

*  In  1844,  a.  company  af  mercbunts  waa  formed  to  collect  teeth  aid 
loBka  of  miLmmullia  fmm  .^iberift ;  for  the  fOMil  ivory  vraa  fouDil  t« 
pfwaefls  all  the  qaaliiie«  of  the  roeeut^  &nd  at  the  aame  trimc  was  \^ 
liable  to  turn  yelloTiv.  Diiring  the  year,  sixteen  thoutsaml  pounds  o? 
jaw»  and  tuaka  of  maminoth]*  wcro  obUunod,  and  these  wore  ^U  i^ 
Bt.  Petenihufgj  under  the  denomination  of  SU>onan  ivory,  at  |n«* 
from  30  to  iiin  par  t^ent,  above  those  of  recent  elephantine  ivojy- 
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H  as  having  formerly  inhabited  the  country  irrigated  by  the 

"^  Thames ;  yet  such  was  tinqueationably  the  case  at  no  Tery 

remote  epoch,  when   probably  the  land  of  England  was 

united  to  the  Continent,  and  the  river  extended  over  a 

much  larger  area  than  it  has  occupied  since  many  centu: 

before  the  Eoman  advent. 

H       The  banks  of  the  Thames^  and  of  its  tributary  etreams,* 

B  are  in  great  part  composed  of  an  ancieat  alluvial  silt  or 

brick -earth,  many  yards  in  thictnessj  containing,  in  certain 

localitiea,  mammalian  bones  in  considerable  abundance,  wit] 

interspersions  of  existing  species  of  land  and  river  shells, 

At  Erith  this  deposit  reaches  to  40  feet  above  the  rivefj 

and  near  Maidstone  to  60  feet. 

At  Grays  in  Essex  (opposite  Gravesend)  theae  deposits 
be  seen  to  advantage  in  sections  exposed  in  the  exten- 
brick-fields.  The  beds  consist  of — ^l,  Gravel  an* 
"aand  ;  2.  Loamy  sand  and  brick-earth  ;  3.  Ferruginous 
sand,  shells,  and  gravel ;  4,  The  CiiaLkj  which  forms  the 
ibmadation  rock  of  the  country*  From  this  locality  alone 
have  been  obtained  numerous  bones  of  the  Elephant,  Rhi- 
noceros, Hippopotamus  J  Horse,  Ox,  Deer,  Irish  Elk,  Vole, 
Bear,  Hyena,  and  Monkey. 

Scarcely  any  traces  of  trees  or  plants  have  been  met  with, 
yet  it  is  obvious  that  the  country  which  sapported  these 

■  lai-ge  herbivora,  must  have  had  an  abundant  vegetation 
18*  Fossil  ELErnANTS  of  othes  parts  op  Ekglanj 
— Along  the  eastern  coast  of  England,  and  off  the  mouth  of 
the  Thames,  teeth,  tuskfj,  and  bones  of  elephants  and  other 
mammalia,  are  often  dredged  up  by  the  fishermen,  having 

•  There  is  a  species  of  Cyremtj  atippoaed  to  be  identical  with 
one  that  now  exists  in  Alexandria ;  and  an  Unw^  of  which  the  aniir 
logne  livefl  in  the  lakes  and  rivcra  of  Autcrgne  ;  neither  are  known  aa 
British  Bpecies^.  See  a  kig-hlj  interesting  memoir  on  these  deposits, 
and  their  fossil  remains,  by  John  Morris,  Esq.  (of  Kensington) j 
anOior  of  *'  A  Catalogue  of  BriUsh  Fossils/'  &c. ;  Miig.  Nat-  Hiflt- 
I  Yol  ii.  p.  53". 
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been  washed  out  of  the  alluvial  deposits  of  the  neighbour- 
ing cliffs  by  the  action  of  the  sea ;  for  the  same  kind  of 
driflt  and  alluvial  detritus  ia  spread  oyer  the  eountrj 
along  the  marittme  districts  of  Essex,  Suffolk,  Norfolk,  and 
Yorkshire, 

At  Heme  Baj,  in  the  erahouchure  of  the  Thames,  great 
numbers  of  mammalian  hones  hare  been  found  j  Waltoo  in 
Essex  is  still  more  prolific ;  and  the  late  Mr,  Woodward 
informed  me,  that  the  elepharits'  teeth  which  had  corae 
under  his  observation  from  the  coait  of  Norfolk  must  have 
belonged  to  more  than  500  individuals. 

On  the  western  coast  of  Sussex,  and  in  the  neighbour^ 
hood  of  Arundel,  Fatcham,  and  Brighton,  teeth  and  bonw 
of  elephants  have  at  different  times  been  exhumed,  At 
Brighton  the  teeth  are  found  in  a  deposit  of  water-wom 
materials,  consisting  of  loam,  chalky  and  broken  flints, 
resting  on  a  bed  of  shingle  covering  the  chalk.*  In  the 
conglomerate,  of  which  I  have  already  spoken  (p»  114),  as 
well  as  in  the  superincumbent  deposits,  teeth  of  elephanti, 
with  teeth  and  bones  of  a  species  of  deer,  horae,  and  whtili^, 
occur,  and  are  associated  with  marine  shells  ;f  similar  fo&sils 
are  found  in  deposits  of  a  like  character  along  the  opposite 
coast  of  France^ 

These  elephantine  remains  are,  in  the  opinion  of  Dr* 
Falconer,  referable  to  three  species  :  but  the  greater  number 
belong  to  the  Mammoth,  or  fossil  Elephant  of  Siberia- 

With  these  relics  of  extinct  animaU  are  found  those 
of  man  J  species  which  still  inhabit  England,  as  the  Badger, 
Otter,  Polecat,  Weasel ;  and  of  others  which  were  contem- 
porary with  the  earliest  British  tribes,  as  the  Irish  Elt 
Bear,  Beaver,  Wolf 4 

»  Bee  Oflology  of  the  South-East  of  Eagland,  p.  32. 
t  Medals  of  Oration,  voh  ii.  p,  824,  for  aa  ac^iount  of  thadiflOOTWr 
of  the  fosail  jaw  of  a  Wkale  ia  Brightoa  CHfffl. 
J  la  the  feany  dialrict  of  Cambridgeshire,  these  and  other  iubiiI' 
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r  19,  ExTixcT  ElefhanTj  or  Mamjmotu,*  in  ice,— There 

I       are  but  two  species  of  existing  Elephant^  numely,  the 

Africans  which  ranges  as  far  south  iirf  the  Cape  of  Good 

I       Hope^    and  the  Asiatic,  which  is  limiteti  to  vvithiii  31* 

I       north  latitude.     Yet  the  remains  not  onlj  of  one,  hut  of 

I       eeveral  extinct  speeies  of  this  family,  occur  all  over  Europe 

and  North  Ameinca,  and  are   inihedded  in  fro/en  grayel 

and  drift  in  72^  north  latitude-     They  even  abound  in  ice- 

cUtfs  on  the  north-west  angle  of  the  American  Coatinent, 

I      near  to  Behring'a  Straits. 

^H    The  Qccurrence  of  innumerable  relics  of  huge  extinct 

^^lerbi^orons  mammalia,  over  vast  re^ona  of  the  icy  zone, 

where  but  few  forma  of  animal  life  can  now  siibstst,  is  a 

'       fact  of  so  inucb  interest  in   every  point  of  view,   as  to 


rmtixsM  o HAVEL  ik  Stb^hia. 
(Twilrfl  f€et  higli,  and  aixte^n  feer  lonff.) 

dejnand  our  earnest  attention.     For  not  only  are  the  bouei^ 
and  tusks  found  in  a  beautiful  state  of  preservation,   but' 

malmn  re  mains  have  been  fo^ind.     See  Profeaeor  Oipen'i  Historj  of 
Brititli  MjtmmAlfl ;  and  my  Me  Jala  df  Creation,  voL  li. 
'  A  RuBdiati  term  applied  to  the  fossil  Elephant.  ♦ 
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sometimes  even  the  entire  boUy,  with  the  flesh  and  skin,  u 
fresh  m  if  but  recently  imbedded. 

In  1774,  near  Vilhoui,  the  carcaaa  of  a  rhinoceros  wis 
taken  from  the  frozen  sand,  w!iere  it  mast  have  been  ooo^ 
cealed  for  ages,  the  soil  of  that  region  being  alwajs  from 
to  within  a  few  inches  of  the  surface.  This  specimen  was  i 
oomplete  natural  mummy ,  part  of  the  skin  bemg  a^ 
eovered  with  long  hairs,  and  forming  a  warmer  covering 
than  tliat  of  the  Alrican  rhinoceros. 

The  discovery  of  a  Mammoth  under  similar  circam- 
Btanoes,  is  yet  more  interesting.  Towards  the  close  of  thfl 
last  century,  1799,  a  Tungusian  fisherman  observed  in  t 
chjf  of  ice  and  gravel,  on  the  banks  of  the  river  Lena,  r 
shapeless  mass,  the  nature  of  which  he  was  unable  to  deter* 
mine.  In  the  course  of  the  next  year  it  was  more  visible, 
and  on  the  third  a  large  tusk  was  seen  projecting  from  tbe 
ice -cliff,  and  at  length  became  detached*  On  the  fifth  ye«r, 
an  early  thaw  set  in,  and  the  entire  carcass  of  a  mammutk 
was  exposed,  and  at  length  fell  upon  the  ground*  It  waa 
twelve  feet  high,  and  about  sixteen  feet  in  length  ;  the 
tusks  were  nine  feet  long*  The  flesh  was  in  such  a  state  of 
preservation,  that  it  was  devoured  as  it  lay  by  wolves  and 
bears,  and  the  hunters  fed  their  dogs  with  the  remaiaft 
The  skin  was  covered  with  hnjr  consisting  of  bkck  bristH 
thicker  than  horsehair,  and  fifteen  inches  in  length ;  of 
wool  of  a  reddish  brown,  and  hair  of  a  fawn  colour ;  tod 
witli  a  mane  on  the  neck.  Upwards  of  SOlbs*  of  hair  were 
collected  ;  some  specimens  of  which  are  preserved  in  the 
Hunter  Ian  Museum  of  the  College  of  Surgeooa*  The  eftrs 
remained  dry  and  sliri veiled ;  the  brain  and  even  the  eapatik 
of  the  eye  were  preserved  1  the  bones  and  part  of  the  late* 
guraents,  and  a  considerable  quantity  of  the  hair,  are  in  tha 
Museum  of  Natural  History  at  St.  Petersburgb,  Tk 
accompanying  sketcli  {Li^n.  24)  represents  the  specimen  io 
its  present  state* 
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'  The  tmks  are  curved  forward  and  upward*  The  teeth 
lifer  from  those  of  the  two  living  specie  a  of  Elephants, 
in  the  disposition  of  the  plates  of  dentine  (see  p*  H2}j 
aotl  ahso  in  their  internal  microscopie  structure  ;  the 
configuration  of  the  skull  is  likewise  peculiar ;  and  these 
discrepancies,  together  with  the  hairy  and  woolly  skiu,  led 
Baron  CuTier  to  consider  the  species  as  having  heen  adapted 
to  eadst  in  a  colder  climate  than  the  living  types.  But 
that  eminent  philosopher  abo  assumed,  from  the  preserva- 
tion of  the  bodies  of  these  animab  in  ice,  imd  the  present 
low  temperature  and  sterile  condition  of  that  part  of  Liberia 
where  these  remains  abound,  that  a  sudden  change  of 
dimate  had  takeri  place,  and  continued^  by  which  the  race 
was  destroyed,  and  entombed  in  the  frozen  soil 

PlayfaiTj  with  that  profound  sagacity  which  characterized 

all  his  speculations  on  geological  phenomena,  first  suggested 

Mb  idea,  '*that  the  power  of  living  ia  a  different  climate, 

Bd  of  enduring  greater  degrees  of  heat  or  of  cold,  and  of 

^bdating   on  a  different  kind  of   food,"    may  have  be* 

flwiged  to  the  extinct    Elephants  found  in  Siberia ;  **  for 

though  one  species,"  he  remarks,  "  may  now  be  confined  to 

the  southern  parts  of  Asia-,  anothei-  may  have  been  able  to 

endure  the  severe  climates  of  the  north  :  and  the  same  may 

be   true  of  the  rhinoceros,   buffalo,   &c.     These  animals 

may  have   lived   farther   to  the  south  than  where   their 

remains  are  actually  found,  among  the  valleys  between  the 

great  ranges  of  mountains  that  bound  Siberia  on  that  side. 

Wc  mast  observe,  too,  tliat  they  may  have  migrated  with 

the  seasons,  and  by  that  means  avoided  the  rigorous  winters 

of  the  high  latitudes."*     And  more  recently,  Mr.  Lyell, 

extending  these  views,  suggested  that  a  large  region  of 

Central  Asia,  perhaps  the  southern  half  of  Siberia,  might, 

during  the  Mammoth  period,  have  possessed  a  climate  mild 

•  PlajfMr'&  ninstralioaB  of  the  Hutto&iaa  Theory,  Edinburgh  edi- 
i  or  1822,  vol.  i.  r^  465,     Dr.  Fkroing  also  eapported  these  viewt 
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enough  to  support  a  vegetation  fit  for  the  sustenance  of  the 
fossil  species  ;  and  reasoning  upon  the  present  physical 
geography  of  the  country,  that  the  whole  tract  from  the 
Ural  mountains  to  the  sea,  had  been  upraised,  like  Sweden 
(p.  116);  and  that  the  refrigeration  of  the  north-east  of 
Asia,  and  its  present  condition,  were  the  result.  These 
opinions  have  been  confirmed  by  the  recent  investigations  of 
Sir  R.  Murchison,  which  are  so  important,  both  in  a  geo- 
logical and  palaeontological  point  of  view,  that  I  must  ofier 
a  concise  sketch  of  the  facts  and  observations  which  bear 
upon  this  question. 

20.  Mammoths  of  the  alluvial  deposits  of  Russia. — 
Premising,  that  with  the  remains  of  the  Mammoth  and  Rhi- 
noceros, there  occasionally  occur  bones  of  a  gigantic  Beaver 
(Trogontlierium),  Bear,  Elk,  Ox,  and  a  remarkable  extinct 
pachyderm  (Elasmotherium),  we  will  first  describe  the  na- 
ture of  the  deposits  in  which  these  relics  are  imbedded. 

There  is  a  great  analogy  in  the  geological  character  of 
the  detritus  composing  the  alluvial  mammalian  beds  of 
Russia  and  those  of  our  own  island  ;  both  have  evidently 
been  formed  under  similar  circumstances  in  river  deltas,  and 
in  estuaries,  and  off  sea-shores,  in  water  of  moderate  depth; 
they  are  in  fact  drifted  materials  that  were  brought  down 
by  currents  and  streams,  from  the  dry  lands  inhabited  by 
the  animals  whose  remains  they  contain  :  and  by  the  sub- 
sequent elevation  of  the  coasts  these  littoral  deposits  have 
been  raised  to  their  present  level. 

In  Siberia,  the  mammoth's  remains  are  found  in  alluvial 
detritus  in  the  flat  northern  tracts,  or  near  the  mouths  of 
the  great  rivers.  Even  in  all  the  central  and  southern 
parts  of  European  Russia,  from  there  being  no  high  ridges 
of  elevation,  and  consequently  no  coarse  local  detritus  as  on 
the  flanks  of  the  Ural  mountains,  the  Mammoth  alluviuin 
assumes  the  same  aspect  as  in  the  distant  plains  of  Siberia, 
where  it  is  equally  removed  from  disturbing  causes. 
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tion   «»3cpoft6d   In  iin   ubrupt  cliff  on  the  aea  of 
It  Taf^finro^,  will  explain  tbc  usual  cliannnrr  of  ilif) 
^fKisils:*— 

1»  Torilnrj  iiowor  mtocEi&u  l)mo«ioEiQ ;  foanlnjf  iho  titan  of  the  olilf ; 

20  ftTt. 
9.  n^iiid  af  linoly  biiiiimted  iandi,  full  <tf  hUcIIhi  nptj^i^cally  IdcmUeat 

tviUi  thoiiu  til  at  tnbahtt  tlko  ndjjiront  riv^^r  I>r»M^ 

moth  :  Tit  I  feet. 

From  the  natun^  of  l\m  thiH,  und  its  «li&it.ribiilkni  ftt 
irioiw  Im'rifti  Sir  It*  JVIurrlimon  luff  rn  thut  tlie  greultT  purt 
rtlan  low  nmtirumt,  ujilikn  tlii'  Unil  m\*\  luglirrportivm^  of 
iUt?rm»  was  not  dry  IiuhI  diiriiiji;  thu  I'xijiU'nt'o  of  tlits 
Unmiotlirt,  iic^r  in  tht'  ju'riiiil  iitiirHMlljitcly  nnt<"(^c*dt*ut  lo 
ur  uv^n  I  hut  wim  id  tfir  Kinnc  ^tnliiMjnrorts  rttiulition  ns  tliti 
w  luiidftof  Northcrfi  SilnTin,  wIk'h  the  bono^i  wrru  trans- 
urtf'd  intt*  tilt*  tlitui  t*xi.Hiinjj;  t'Hlmirii^H  unci  luiy;^. 

21.  Siiii-:iaA  ANr>  ltiiMi*i.v  IN  thk  wammoth  i-!i*(xriL- 
"hriit*  ob.'^i'rvutttinA  of  Sir  H*  Murtrliirtou  i'l*^niiy  pn»vc% 
lat  thi>  niajnitiotlis  nutnot  liiivt^  inhrtlHUMl  tlii^  nortlicni- 
■out  tracts  of  Sibcrin  In  wluch  thoir  rcmaina  are  tm- 
|idr<I,  f(*r  ilio  widu  imd  low  iractti  ctf  that  ^teriln  rti^icm 
ppe  bt-nc.vth  tlic  Hrm  nt  tUo  iirriiH)  win  mi  tbnNe  ox  it  net 
nimalA  pxmtt'd  ■  thr  UaurH  iind  einTaH8i*§  nuint,  tlit-rrtort^ 
avc  drifted  tliillusrj  nud  probtitdy  from  a  considurabk 
Istance.  Tho  itiamniulian  remains  do  not  occur  on  the 
Ic'vaiiHi  ebainHof  IuUh  ;  iind  [\ovn  tlio  pbyHieul  rttnit'turo 
f  tlit^  rr^jitm^  it  is*  probubln  tUat  not  only  lln^  Unil  nrnl  Altai 
iountains,  but  also  ihuir  norlbt'rn  ridgi^i  and  tt^rriuM*?*,  wbieh 
^ydc  MHJri^  lluin  Imlf  oi'  Sibti'ia,  wero  covort^d  wilb  fort't^tN 
Homi.^  part;*,  aiul  with  brushwood  steppi^a  in  otlM^ri^  j  iind 
enlii  of  nnunmotliH  may  have  mig^■atl^d  tbonco  in  tho 
jttUiier  Ht'iMion,  (wlut'b  i«  evmi  turn  intt^nnely  l»ot,)  to  thu 
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emboucliures  of  the  great  streams,  and  the  borders  of  the 
then  Arctic  sea.  Sir  R.  Murchison  proceeds  to  remark  that — 

"  A  former  terrestrial  surface,  on  which  the  great  quadrupeds  lived 
for  ages,  and  the  rupture  and  diminution  of  adjacent  lakes,  coincident 
with  some  of  the  last  elevations  of  the  Ural  chain,  will  best  explain 
the  condition  in  which  the  remains  of  mammoths  are  left  buried  on 
the  edges  of  the  uplifted  ridges  of  the  Ural,  as  well  as  in  the  low  lands 
and  great  estuaries  farthest  removed  from  them. 

"  As  we  advance  into  the  plains  of  Siberia,  or  descend  into  the 
vaUeys  of  the  Tobol  and  the  Obe,  the  bones  are  in  greater  quanti- 
ties and  in  a  better  state  of  preservation ;  and  the  fsurther  the  Siberian 
rivers  are  followed  to  their  mouths,  the  more  do  the  mammalian 
remains  increase,  until  at  length  whole  skeletons,  and  even  carcasses, 
are  found.  The  single  &ct  of  the  very  wide  diffusion  of  mammoth 
bones  over  enormous  regions,  in  itself  indicates  that  those  creatures 
had  long  been  inhabitants  of  such  countries,  living  and  dying  there 
for  ages ;  whilst  their  final  destruction  may  have  resulted  irom  aqueous 
debacles  dependent  on  oscillations  of  the  land,  the  elevation  of  moun- 
tain chains,  and  the  formation  of  much  local  detritus. 

"  The  Siberian  mammoth,  having  a  close  coating  of  wool  and  much 
shaggy  hair,  seems  to  have  been  adapted  to  inhabit  the  regions  of 
northern  Europe  and  Asia ;  and  the  elevation  of  large  tracts  of  land 
in  Siberia,  by  laying  dry  the  low  shores  and  estuaries  into  which  their 
bones  had  been  washed,  would  necessarily  render  the  climate  more 
intensely  cold.  The  intimate  structure  of  the  teeth  in  the  mammoth 
differs  from  that  of  the  Asiatic  and  African  elephant,  and  is  supposed 
by  Professor  Owen  to  indicate  that  the  extinct  creature  lived  on 
coarser  ligneous  tissue  of  trees  and  shrubs,  that  may  have  constituted 
forests,  extending  even  into  the  promontories  of  the  icy  sea,  ere  the 
physical  events  which  elevated  the  Ural  mountains  to  their  present 
altitude,  and  left  the  coasts  with  no  vegetable  support  but  the  moss 
and  lichens  for  the  rein-deer,  with  which  the  mammoths  were  once 
contemporary."* 

22.  The  Mastodon. — In  various  parts  of  North  America, 
there  are  marshy  tracts  abounding  in  salt  and  brackish 
waters,  that  are  frequented  by  deer,  and  other  animals ; 

*  From  a  masterly  review  of  the  phenomena  relating  to  this  sub- 
ject, by  Sir  R.  1.  Murchison, — "  Geology  of  Russia,"  vol.  i.  chap.  xix. 
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a  circumstance  from  which  the^e  swamps  have  acquired  the 
American  name  of  LtcL  In  these  morasses  vast  quaiititie.^ 
of  bones  and  several  entire  skeletons  of  elephants  and  other 
gigantic  quadrupeds  Lave  been  discovered.  The  spot  most 
celebrated  for  these  remains  in  Kentutiky,  is  called  Big-bone 
Lick,  which  is  situated  to  the  south-east  of  the  Ohio,  in  the 
midst  of  a  group  of  low  hillsj  and  is  traversed  by  a  small 
stream  of  brackish  water.  The  bottom  consists  of  black 
fetid  mud,  intermingled  with  si  and  and  vegetable  matter  ; 
and  in  this  bog,  bones  occur  in  abundance.  Some  of  them 
are  referable  to  the  mammoth;  but  others,  as  jou  may 
observe  from  the  specimens  before  us,  belonged  to  a  creature 
not  less  gigantic,  but  with  very  distinct  characters.  These 
teeth  are  composed  of  dentine  and  enamel ;  and  the  latter 
I  spread  over  the  crown  of  the  ttmthj  which,  before  it  ii 
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worn  by  use,  is  divided  into  several  transverse  tubercles, 
or  processes,  each  of  which  is  subdivided  into  two  obtuse 
points,  these  transverse  ridges  not  being  fiUed  w^  mtW 
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todons  which,  from  the  stTUCtiire  of  the  teeth,  fill  up,  as  it 
were,  the  interval  that  separates  the  maistodon  from  the 
elephant ;  one  of  these  w&a  in  conaequetice  named  hy  Mr. 
CHft,  Mastodon  elephantoides^    {Lign.  2^^  fig.2,)     These 


'^^:^ 


X.ia|ir,  26.— FasfiiL  tektu  of  tux  ilxphant  awd  wjlitosojc. 

[DM^nixih  the  diam^ttr  of  ike  Briginttli,) 

Fig.  I.  Tooth  of  the  Eltphm prifni^mim^  fr&m  Bip^-bone  Ljck. 
2.  TtMtlt  of  thti  Mastodon  fhphattimdettj  Dtam  near  Ava. 


teeth  present  very  peculiar  characters  ;  for  while  in  their 
general  appearance  they  resemble  those  of  the  mastodons 
already  described,  the  crown  of  the  tooth  is  deeply  ridged, 
and  the  dentioe  and  enamel  are  invested  with  so  large  a 
portion  of  cement,  as  to  give  the  worn  surface  of  the  crown, 
the  aspect  of  the  molars  of  the  true  elephant. 

The  specimens  before  ug,  consisting  of  teeth  and  hones 
of  raastodoTJS,  elephants,  hippopotami,  rhinoceroses^  horsea, 
tapirs,  antelopeSj  gaviais,  fresh -water  turtles,  &c,  and 
siliciiied  wood,  are  part  of  an  extensive  collection  formed 
about  twenty  years  since  by  Mr.  Craufurd,  on  his  mission 
to  Ava.  In  deacending  the  river  Irawaddi,  his  steam -boatj 
owing  to  the  shallowness  of  the  water,  ran  aground  between 
Prome  and  Ava,  about  20°  north  latitude,  near  some  petro* 
leum  wellSi  where  the  bank  of  the  river  presented  a  cliff 
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80  feet  high ;  and  on  tbe  strand  were  observed  massea  of 
petrified  woodj  and  vast  quaiitjties  of  bones.  The  adjacent 
country  i,s  formed  of  low,  sterile  sand-hiUa,  intersected  bj 
ravines,  with  beds  of  gravel,  which  are  here  and  there 
cemented  into  a  conglomerate  by  iron  and  carbonate  of 
lime.  Scattered  over  the  surface,  in  some  instances  lying 
loose  in  the  sandj  and  in  others  half  buried,  were  masaes  of 
silicified  wood,  imd  fragments  of  bones,  which  had  become 
exposed,  from  the  removal  of  the  sand  by  the  winds  and 
rains.  The  bones  are  more  or  less  invested  with  a  bard 
crust,  which  is  a  concretion  formed  by  the  consolidation 
of  loose  sand  from  ferrnginous  and  calcareous  infiltrations. 
Tbe  natives  who  assisted  Mr.  Craufurd*a  party  in  collecting 
these  remainsj  believed  them  to  be  the  bones  of  giants 
that  had  warred  against  YishnUs  by  whom  they  were 
destroyed, 

24*  Fossil  mammalia,  &c.  of  the  Sub-Himalatahs, 
— But  the  number  of  these  transitional  or  intermediate 
links  of  elephantine  formsj  has  been  greatly  increased  by 
the  accession  made  to  our  knowledge  of  the  fossil  fauna 
of  India,  by  tbe  labours  of  Major  Proby  Cautley,  and 
Dr,  Falconer,  who,  with  energy  and  perseverance  beyond 
all  praise,  formed,  and  brought  to  Europe,  an  immense  col- 
lection of  these  mammalian  remains.  The  following  extract 
from  the  prospectus  of  a  work  now  in  the  course  of  publi- 
cation by  these  eminent  naturaliatSi  will  convey  some  ides 
of  the  richness  and  interest  of  their  discoveries: — 

'*  The  foasil  Fauna  of  the  Sewalik  range  of  hills,  skirting  the  southern 
base  of  the  Himalajali&,  has  proved  more  abundant  in  genera  and 
ipeci^  of  mamnmlia  than  that  of  any  other  region  ^et  explored.  Ai 
a  general  expression  of  the  leading  features,  it  maj  be  stated,  that  it 
appears  to  have  been  composed  of  repreeeatative  forms  of  all  agea,  from 
the  oldent  qf  the  tertinri/  period  dottm-  to  the  Trwderj^r ;  and  of  oU  thf 
fjtograpldcai  dij^imom  qfthe  Old  Continent ^  gTouped  together  into  one 
Conipreb#nfiiir©  Fatma.  Of  the  forma  contained  In  it  maj  be  enume- 
rated, in  the  Pc^^ydermuia,  fiereral  species  of  Mastodon  and  Elephant, 
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E(||]11h;  in  tin;  iiumimtidltif  tho  uuIohmuI  tf^siit^N  HlviLUiiiirlutti,  puculiif 

Ut  Inf1Su»  wHh  tifxii'km  of  (jHiiuihrn,  t*iuiiuh»j»unla1iK,  I5on,  CurviM,  M 

Autoloiiu ;  In  tliu  f7ar?iriLi(?r«»  ttpL'citJs  of  mowt  uf  tUn  ^rout  lyjuKj  t* 

|>]fdth<»r  with  HDVcrUrl  roiimrkHlili?  iMidoA^^rlbutJ  icoiutra;  hi  iho  fitnlrtiikt 

iGiffintb  Tortoino  (^.Mm^ofMj^*),  with  njiuckw  rjf  Kja^fn  uml  Trionjfi.  j 
tiif]  Novcjml  formii  pf  CroarKlila.  To  thtiwj  trmy  ha  &ddu<l  liii'  Mt  i 
rDtrmiiiH  o1'  uirnihiciun  and  other  Iflnb,  Flnhw^  Cruf^tiia«a«  sktiil  Uol-  { 

25.    SUB-HIMALAVAJI    TKUTIArtY    UKPOBITH, Tlj©  dop  J 

IJt^  from  wliich  tboFiti  romaitiji  wi^re  obtained  rfip»eml>]ii  tboH  I 
of  Avtt|  und  (Hinf^iflt  of  «oiujrt!tit)tiary  grit,  conglomi^nta,  | 
landstonej  arid  loam  ;  thuy  n,ru  H2>ri*iid  nvi^r  the  ifatjkH  of  i 
range  uf  UUlti  bulongin^  to  tin;  Siib-JIlrnubyan  niciuiitdnif 
between  tha  river  Sutlej  lujd  the  Gaiigen.  I'hcso  hill^J 
which  are  called  Sftwalik  (from  8ivR>  an  Indian  deity),  J 
to  an  H.ltitu<lt?  of  fnnn  nnr^  to  tliruo  thnuiiand  f«i^t  iilw)V«  tllf  I 
le?el  of  thti  w«.  Tbn  alliiviul  <lq>oNJtN  ixtond  iihotitSOOJ 
milei  in  l<^tigtii,  Miid  hovon  in  width,  unt)  difi  tc»  i\w  north] 
»t  an  ani^lti  of  25";  vvii**r«ver  gulleyH  tir  lUwurc^  efpti*! 
»Gctit>ns  (jf  the  bodM,  aUinidanofi  of  fossil  honm  uppctrl'l 
Lignite,  and  trnnkw  of  flicotyledonouN  tjvcn  uveur;  nfcWJ 
land  ttod  frertbwater  Hliellnof  oxiHlmg  i^pcine^,  nro  the  ofll]N 
V€Htigu.i  fif  molUiMcfi  that  hiiva  \w.vn  obnerved,  Hemaioil 
iievunil  HpecicH  of  rivfir-JlHb,  Hume  related  to  the 
SiluruM,  have  bucn  obtuirjtuL 

TUi\  ininuvntifo  collnetioii  of  t\w.m  imgHn  in  the  Briti 
MumMirii,  nnders  any  rhjtaibid  do«L*ription  nnnnei^NHMrypI 
I  will  ooly  dwcdl  on  a  few  of  llui  immt  importimt  purtidull 

The  rt^rNiutiii  of  liw.  lOb^phant^  imd  rnaHt4>dontoid  mh 

•  "  /'awrtfjt  A  jUlt/ua  SivtiHt-tudfi,  or  tho  PcmMll  Zooloi^y  of  Ihfll 
Hllli,  in  the  aorlh  of  Itirlm,  by  lJu|(h  FaliToiior,  M.  D,  ftad  K«yf>r  T^ 
Ul-uiley/' 

t  8m  ftti.  likt<if«ill»g  Memoir  hy  Mj^or  Ctailoy ;  Gooh  Tn»  )A  | 
ip  rolr.  p»2fi7* 
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comprise  perfect  speciinens  of  sktiUB,  and  jawB,  of  gigantic 
size.  The  tusks  of  one  e:s:ample  are  9  feet  6  inches  Jong, 
and  27  inches  in  circumference  at  the  base.* 

26*  Remarkable  Collocation  op  Fossil  Animals* ■ 

But  this  collection  is  inyested  with  the  hipjhegt  interest, 
not  solely  on  account  of  the  number  and  varietj  of  the 
specimens,  hut»  also,  for  the  extraordinary  assemblage  of 
animals  which  it  presents.  In  the  Sub-Himakiyahs  we  have 
entombed  in  the  same  rocky  sepulchre^  hones  of  the  most 
ancient  extinct  races  of  mammaliaj  with  species  and  genera 
which  still  inhabit  India !  Palseotheria,  Anoplotheria, 
Diootheria,  Mastodons,  Elephants,  Giraffes,  Hippopotami, 
RhinoceToses,  Horses,  Camels,  Antclopc&,  and  even  Mon- 
keys I  Struthious  Birds,  and  Crocodilian  and  Chelonian  rep- 
tiles. To  this  concise  enumeration  must  he  added  several 
genera  previously  unknown  ;  large  rodents,  and  insee- 
tivora,  &c. 

Among  the^e  marvellous  relics  of  the  past,  are  the  skull 
and  bones  of  an  animal  named  Sivathe?^ttm  (from  the  Indian 
deity  Siva),  that  reqnires  a  passing  notice.  This  creature 
forms,  as  it  were,  a  link  hetween  the  ruminants  and  tlie  large 
pachyderms.  It  was  larger  than  a  rhinoceros,  had  four 
horns,  and  was  furnished  Tvith  a  proboscis j  thns  combining 
the  horns  of  a  ruminant  with  the  characters  of  a  paehy- 
derra.  When  living,  it  must  have  resembled  an  im- 
mense antelope  J  or  gnu,  with  a  short  and  thick  head,  and 
an  elevated  cranium  crested  with,  two  pairs  of  horns  ;  the 
front  pair  were  small,  and  the  hinder  large,  and  set  quite 
behind,  as  in  the  aurochs  ;  with  the  face  and  figure  of  the 

*  These  fossils  are  lio  admirably  cleared  from  the  hard  rock  with 
wMeh  they  wero  incniHted  (a  task  of  no  little  labour,  and  roquiring 
great  akill)j  that  I  cannot  foTbear  recommending  to  the  notice  of  any 
eoUectors  who  may  rcqnire  Efsich  aid,  the  person  by  irhom  they 
were   chieelled   out— Jam*?*  J^^w^  25,  If (^^j son  Streeif  Grap's  Inn 
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rbinoe^roSy  it  had  smail  lateral  eyes,  great  lips^  and  a  ami 
proboscis* 

Among  the  reptilian  remains  are  skulls  and  bones  of  I 
Gangetic  Crocodile  or  Gavial,  aiid  of  a  land  Turtle,  which 
cannot  be  distinguished  from  those  of  species  still  liviog  in 
India,  But  the  most  extraordinary  discovery  is  that  of 
hoaea,  and  portions  of  the  carapace,  of  a  Tortoise  of  giganlifl 
dimensions  ;  it  has  been  aptly  named  ColossoekeltfS  Aiki: 
the  length  of  this  reptile  exceeded  twelve  Jhet, 

27,  The  Pampas* — The  Pampas,  those  vast  pluins  ia 
South  America,  which  present  a  sea  of  waving  grass  for  900 
miles,  are  principally  composed  of  alluvial  loam  and  sand 
containing  freshwater  and  marine  shells,  and  were  once^ 
like  Lewes  Levels,  a  gulf,  or  arm  of  the  sea*  In  these  allu^ 
deposits,  bones  of  enormous  extinct  mammalia  have  fi^ 
quently  been  discovered.  Towards  the  close  of  the  last  cea^ 
tury,  an  almost  perfect  skeleton  of  a  gigantic  animal  {J/f^ 
thermrn),  was  dug  up,  at  a  considerable  depth,  in  a  bed  of 
clay,  on  the  banks  of  the  river  Luxor,  about  four  leagiia 
W*S*W.  of  Buenos  Ayres.  This  skeleton  was  sent,  m 
1789,  to  the  museum  at  Madrid,  where  it  now  remains,  B 
is  described  and  figured  by  Cuvier,  under  the  name  of 
Megatkerium. 

In  1832,  Sir  Woodbine  Parish,  with  considerable  laboor 
and  expense,  collected  many  bones  of  a  similar  creature 
from  the  Salado  ;  having  actually  diverted  for  a  time  tin? 
river  from  its  course,  that  he  might  disinter  these  remiina; 
these  he  afterwards  presented  to  the  Museum  of  the  Raj^ 
College  of  Surgeons  of  England, 

Since  that  time  relics  of  several  other  remarkable  fofl"* 
of  extinct  mammalia  have  been  discovered  ;  a  few  of  these 
we  will  here  briefly  describe* 

The  Pampas,  observes  Mr,  Darwin,  may  be  regarded  tf 
one  vast  sepulchre  of  these  lost  quadrupeds.  The  deposit 
in  which  the  bones  occur  are  as  follow  r — 


§   28. 
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1.  Clays  sand,  aod  limestone^  containing  marine  shells 
and  shark's  teeth,  forming  the  substratum. 

2.  Indurated  marl. 

3.  Eed  clayey  earth  with  calcareous  concretions  and 
bones  of  terrestrial  animals* 

This  section  demonstrates  that  a  bay  of  salt-water  was 
gradually  encroached  upon,  and  at  length  becarne  the  bed 
of  a  muddy  estuary,  into  which  floated  the  carcases  of  the 
animals  which  then  inhabited  the  neighbouring  dry  land* 
It  is  in  the  upper  deposits  that  the  teeth  and  bones  of  the 
Megatherium,  Mylodon,  aud  other  gigantic  anLmals  of  the 
Sloth  tribe.  Armadillo,  Mastodon,  Horae^  &c,  are  imbedded** 

28,  The  Sloth  tribe,  —  The  most  remarkable  of 
the  fossil  bones  discovered  in  the  Pampas,  belong  to 
several  extinct  colossal  animals  of  the  Edentata ^^  an 
order,  of  which  the  Armadillos^  Sloths,  and  Ant-eaters 
are  th^  living  representatives.  But  as  the  extiect  forms 
differ  greatly  from  the  existing  ones,  in  their  gigantic  pro- 
portionsj  short  massy  extremities,  and  thick  and  strong 
tailj  their  mode  of  life  must  have  beeo  very  dissimilar* 
To  impart  a  clear  perception  of  the  pecuhar  modification 
of  structure  which  these  extinct  beings  present,  it  will 
be  necessary  to  otifer  some  remarks  on  the  existing  types — 
the  Sloths. 

The  Slotlis  are  arranged  by  naturalists  in  a  tribe  termed 
tardigrada,  from  their  feeble  power  of  progression  on  the 
iurface  of  the  laud ;  for  the  same  reason  they  are  called 
Pareumios  by  the  French,  whence  the  English  name,  Sloth. 
They  are  of  slender  form  and  small  ske  :  the  largest  species 
is  but  little  larger  than  a  cat*  They  have  long  toes,  and 
nails  which  fold  up,  so  as  to  enable  the  animal  to  walk,  in 
the  same  way  as  if  otir  fingers  were  folded  under  the  palms 


Mr,  Darwia,  Appendix  to  Bctickoj's  Voyage, 
t  So  mm^  from  hBring  no  teeth  in  the  front  of  the  jawi. 


16B  THE  WONDERB  OF  GEOLOGY.  Uct,  U 

ol'  the  Imiidtt  ;  but  which  are  not  capable  of  being  retracted 

into  a  sheath;  as  in  the  feline  tribes.     The  arms  are  doahh 

the  length  of  the  legs,  aodj  from  the  conis  true  don  of  tbe 

limbs,  the  animalj  when  it  w^alka,  or  rather  crawls  on  (^ 

ground,  is  obliged  to  drag  itself  along  on  its  el  bow  3.    B| 

tlieae  creatures  are  destined  to  inhabit  trees ;  their  proper 

element  i^  on  the  hraueheis,  and  they  can  ptvss  from  bou|li 

to  bough,  and  from  ti^ee  to  tree,  with  a  rapidity  Tvliieh  &m 

enableia  them  to  lose  themselves  in  the  depths  of  the  forestfl^ 

They  live  on  the  leaves  and  the  young  sbootSj  and  unlijas 

distui'beil,  never  quit   a   tree  tiU  they  have  stripped  off 

every  leaf     To  avoid  the  labour  of  a  descent,  they  drop  to 

the  ground,  previously  coiling  themselves  into  a  round  bill, 

in  which  gtatc,  while  attached  to  the  branch,  thej  may  be 

taken  alive.     Thus  the  habita  and  economy  of  the  sloth 

point  out  the  necessity  for  a  pecQliarity  in  the  structure  of 

its  claws.    The  monkey  leaps  aud  swings  1dm self  from  tm 

to  tree,  and  catches  at  will  the  branches  or  the  trunk;  hH 

the  sloths  do  nut  graap ;  their  claw  a  are  mere  hooks  to 

by,  and  their  great  strength  is  in  theLr  arms.     They  mfd 

tinfijL  one  set  of  hooka  until  they  have  caught  a  secure  hM 

with  the  other,  thus  hanging  by  their  arms  and  legs,  whiiP 

their  bodies  arc  pendant ;  and  they  sleep  in  the  eame  ^ 

sition*     The  bones  of  the  arm  are  constructed  to  suit  the* 

conditions.    The  humerus  has  a  long  internal  condjl«  ^ 

the  origin  of  large  muscles  to  move  the  enormous  claws;  flud 

there  is  an  tjpening  for  the  passage  of  the  principal  nerfei 

and  blood-vessels,  to  protect  them  from  the  pressure  towBA 

they  would  be  exposed  from  the  poweH'ul  muscular  at-iiooJ 

and  the  radius  (one  of  the  bo  ties  of  the  fore -arm)  is  con^ 

structed  to  allow  of  a  free  rotatory  motion  to  the  limb,    la 

the  extinct  Sloths  a  similar  confornLatlon  is  maintainfii 

but  somewhat  modified  to  suit  the  diifercnt  physical  ooi' 

ditions  under  wldeh  they  existed    There  are  three  genm 

well  established  from  tlie  fossil  remains :  the  names  assigned 
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to  them  refer  to  some  striking  character ;  as  Meifahnyw^ 
frora  the  enormous  sixe  of  tlie  claw ;  —MefjatheHum^  or 
enormous  wild  animal,  from  its  colossal  proijortions ; — 
Jfi/hdoNj  or  molar- tooth  atiiiiiulj  from  the  peculiaritj  of 

t  dental  organs. 
29,  The  Megatheiudm, — This  creature  was  seven 
t  high,  and  nine  long,  and  therefore  larger  than  the 
largest  rhinoeeros  ;  but  this  comparison  by  no  means  con- 
veys a  proper  idea  of  its  bulk,  since  its  proportions  are 
perfectly  colossalj  the  thigh-bone  being  three  times  as  large 
as  that  of  the  elephant,  and  the  pelvis,  ur  haunch -honSi 
twice  the  breadth.  It  possessed  no  incisor  teethj  and  the 
,grinders,  which  are  seven  inches  long,  are  of  a  prismatic 
rm,  and,  like  those  of  the  Sloth,  composed  of  dentine  and 
aent,*  They  are  so  formed,  that  the  crown  always  pre- 
Qts  two  cuttings  wedge-shaped,  salient  angles-  As  in  an 
zej  a  plate  of  steel  ia  placed  between  two  of  iron,  so  as  to 
t>ject  in  a  line,  in  like  manner  these  teeth  have  in  the 
tttre  a  cylinder  of  ivory,  which  is  protected  by  a  plate 
'  denser  structure,  and  an  external  coating  of  cement ; 
piey  are,  therefore,  admirably  adapted  for  cutting  and 
aising  vegetahle  substances.  The  entire  fore-foot  is 
out  a  yard  in  length,  and  armed  with  strong  claws.  The 
«lvii?  measures  live  feet  in  width,  and  the  sacral  aperture 
'  the  spinal  marrow  is  one  foot  in  circumference  I  This 
Dormous  size  was  suitable  to  the  habits  of  an  animal 
quiring  to  maintain  an  upright  posture  for  a  considerable 
ae,  while  employing  its  fore  feet  in  digging  up  roots ^  or 
[  severing  and  pulhng  down  the  young  trees  and  hranehes^ 
khlch  doubtless  constituted  the  food  of  this  colossal 
ftture. 

The  Megathermm  was  intermediate  between  the  Sloths, 
Armadillos  J  and  Ant-eaters  ;  for  while  in    its  skull  and 


I 


*  See  Profeaftor  Owen's  "  Odonbogmphy/'  iroi.  L  p.  338* 
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Bhoulders  it  resembled  tbe  former^  it  a  legs  and  feet  pre^ 
iented  an  admixture  of  the  characters  of  the  latter* 

30,  The  Mylodon. — This  creature  was  nearlj  as  large 
as  the  Hippopotamus,  but  shorter.  Its  hinder  exti'emities 
are  relatively  shorty  and  the  feet  are  placed  at  right  .angles 
with  the  legSj  aud  are  as  long  as  the  thigh-bones*  The  tail 
is  remarkably  thick  and  strong,  and  m  long  as  the  hinder 
extremities.  The  pelvis  is  very  massive  and  solid.  The 
ribs  are  as  stoat  and  broad  as  in  the  elephant ,  The  fore- 
legs, or  arms,  are  connected  to  the  sternum  by  powerful 
clavicleSj  and  are  so  constructed  as  to  admit  of  nnre* 
strained  motion  in  every  direction.  The  toes  are  five 
in  number  on  each  fore  foot,  and  four  on  the  hinder  ;  the 
two  external  toes  are  unarmed,  the  others  have  powerful 
curved  nails  or  claws.  This  creature  had  claws  and  hoofs 
on  the  same  foot,  and  therefore  connects  the  two  great 
groups  of  recent  animah,  the  tingulMa  and  unguiciilata^ 

The  sknll  is  long,  narrow,  and  smaller  than  that  of  the 
ox ;  it  terminates  in  a  flat  or  truncated  muzzle.  The  bones 
of  the  upper  part  of  the  cranium  are  of  enormous  thick- 
ness, large  air-cells  being  interposed  between  the  inner 
and  outer  table*  The  teeth,  which  are  implanted  in  very 
deep  sockets^  are  of  the  same  form  and  size  throughout, 
and  closely  resemble  in  structure  those  of  the  Megatherium, 
but  the  surface  of  the  crown  when  worn  is  flat ;  there  are 
fotir  on  each  side  in  the  lower,  and  five  in  the  upper  jaw;* 

There  is  a  magnificent  skeleton  of  this  creature  in  the 
Hnnterian  Museum ;  it  is  as  perfect  as  if  the  animal  had 
recently  been  buriedj  and  the  bones  dug  np  entire.  It  is 
eleven  feet  long,  from  the  muazle  to  the  extremity  of  the 
taiLf 

*    Se^  MedalB  of  Crtiiition,  vol*  Li.  pp*  845—847. 
+   Bee  a  Memoii  on  the  "  Skeleton  of  an  extinct  gigantic  Slotli 
{Mylodon  robmtm)"   by  Pj^feflior  Owen.    1  toI.  4to.  with  pbt^i. 
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The  Mylodon,  like  the  Megatherium,  was  a  vegetable 
feeder^  and  probably  browsed  on  the  shruba  and  branches 
of  trees.  The  arms  are  especially  adapted  for  grasping 
and  wrenchiDgj  and  though  no  trees  could  support  the 
weight  of  this  enormous  creature,  there  is  nothing  to  forbid 
the  supposition  that  with  itj?  hinder  feet  it  could  clasp  the 
trunk  of  a  large  tree,  and  with  its  fore  feet  climb  to  a 
sufficient  height  to  seize  and  wrench  off  the  branches. 

31.  The  Megalonttx. — An  enormous  curved  ungueal 
phalanx  or  claw-bo oe^  and  several  bones  of  the  arm  and 
sternum  J  of  an  animal  related  to  the  Sloths,  were  found 
many  years  since  in  Big -bone  Cave,  one  of  the  numerous 
saltpetre  caverns  which  occur  in  the  states  of  Kentucky, 
Tennessee,  and  Virginia.  Some  of  these  caves  extend 
many  miles  under  ground,  passing  beneath  hills,  valleys, 
and  even  rivers »  In  these  aubt^Tanean  retreats  are  some^ 
times  found  Indian  mummies,  which  are  simply  desiccated 
human  bodieSj  in  a  fine  state  of  preservation ;  bones  of 
existing  species  of  mammalia,  and  of  mastodons,  mammoths, 
and  rarely,  of  extinct  gigantic  sloths,  also  occur.* 

The  remains  of  the  Megalonyx  were  first  described  by 
sident  Jefferson  j  and  the  claw-bones,  the  largest  of 
which  was  nearly  seven  inches  long,  excited  especial 
attention,  from  the  supposition  that  they  belonged  to  a 
^carnivorous  animal  of  marvellous  size.  But  Ctivier,  in 
admirable  memoir j  proved  that  they  were  referable 
an  extinct  form  of  the  Edentata,  I  will  endeavour 
briefly  to  explain  how  this  beautiful  induction  was  esta- 
blished* 

The  paws  both  of  the  canine  and  feline  tribes  are  armed 
with  claw8  ;  in  the  former  the  nails  are  thick  and  coarse,  as 
in  the  dog,  wolf,  &c.,  and  will  bear  the  friction  and  pressure 


^and 

wli 
att 


*  See   Dr.  Harlmi'fi  Meditsal  ftnd  Phplcal  Eesearche^,  I  roL  8to. 
PhUaddphia,  1845:  p.  319. 
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incident  to  a  long  ehitse ;  but  in  the  cat  tribe,  tbey  are 
curved  and  sliarp^  and  these  qualities  are  preserved  hj 
a  particular  mechanism.  The  last  bone  which  supporta 
the  daw  is  placed  laterally  to  the  penultimate  bone  of  the 
phalanx  J  and  is  so  joined  to  it^  that  an  elastic  ligament 
draws  it  back,  and  raises  the  sharp  extreMitj  of  the  chw 
upwards  i  and  the  proximal j  or  wearest  extremity  of  the 
ferthest  bonej  presses  the  ground  in  the  ordinary  running 
of  the  animal,  while  the  claw  is  retracted  into  a  sheath : 
but  when  the  creature  makes  a  spring  and  strikes,  the 
claws  are  uncased  by  the  action  of  the  flexors  or  beodiag^ 
tendons.  In  the  Bengal  tiger,  the  clawa  are  so  sharp  »nd 
strong,  and  the  arms  so  powerful,  that  they  have  b^en 
known  to  fracture  the  skull  of  a  man,  by  a  single  toircii 
from  the  animal  in  the  act  of  leaping  over  him.  A  eat 
affords  a  famUiar  illustration  of  this  peculiarity  of  stnw* 
ture  ;  when  pleased,  its  claws  are  retracted,  and  when  angry 
they  are  thrown  out. 

In  the  claw  of  the  Megalonyx  there  is  no  such  latertl 
provision  for  its  retraction,  and  the  point  eonld  not  h&ve 
been  raised  vertically,  as  in  the  cati  so  as  to  have  permitted 
it  to  touch  the  ground  without  injury.  The  articukting 
surface  is  double,  that  is,  there  is  a  ridge  or  spine  in.  the 
middle,  and  it  must^  thereforCj  have  moved  like  a  Unp^ 
The  bones  of  the  ai-m  present  a  corresponding  confi^uratioii 
with  those  of  the  sloth  ;  the  humerus  is  perforated  for  tiifi 
passage  of  the  hlood  vessels,  and  the  radius  is  construct^ 
for  rotation. 

The  Megalonyx  resembled  the  Megatherium  in  its  geue- 
ral  character,  configuration,  and  habits j  but  was  one-iiW 
smaller  than  that  gigantic  creature.* 

*  Casts  of  all  tho  bones  and  teeth  of  the  Megalonyx  that  fti«  iiiS^ 
Museum  of  Philadelphift,  were  presented  to  mo  by  Dr,  S^  G.  Moftof^of 
th&t  cilj,  and  &re  now  in  the  Bntish  Museum,  in  the  «ame  caie  ^ 
the  moduli  of  the  honeg  of  the  Megalberium. 
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The  Gtltptodok,  —  so  numed  from  the  deeplj- 
grooved  teethj — was  an  animal  allied  to  the  armadillos, 
and  possessed  a  carapace,  or  coat  of  mailj  formed  of  poly- 
gonal bouj  plates  united  by  suture^  wluch  constituted  an 
impenetrable  covering  over  the  upper  part  of  the  body*  The 
platen  of  this  bony  integument  were  not  disposed  in  rings 
as  ID  the  mnnadiUoj  but  were  articulated  to  each  other,  and 
formed  a  tesselated  oy Under,  or  rather  archj  the  tail  was 
inclosed  in  a  case  of  this  kind,  like  a  sword  in  its  scabbard** 

Such  were  the  gigantic  Edentata  that  inhabited  the  dry 
land  of  South  America  at  a  comparatively  modern  period  ; 
and  it  is  worthy  of  especial  remarkj  that  though  these 
beings  have  lt>ng  been  extinctj  sloths j  ant-eaters,  and  arma- 
dillos, but  of  diminutive  size,  are  atiU  the  characteristic 
animals  ol'  that  country* 

33*  The  Toxodon, — The  hones  of  several  other  extinct 
quadrupeds  have  been  found  with  the  relics  of  tlie  gigantic 
sloths  and  armadillos.  Among  these  are  the  skull  and 
teeth  of  an  animal  of  large  size^  named  by  Profesdor  Owen, 
^axodouj  from  the  singularly  curved  form  of  its  molar  teeth* 

he  skull  is  twenty-eight  inches  long,  and  sixteen  broad,  and 
presents  a  blending  of  the  osteological  characters  of  the  seve- 
ral natural  orders  of  the  rodent ia,  ruminantia^  and  cetacea* 

The  MACitAUCHENiAj  another  extinct  pachyderm,  found 
lh  Patagonia,  unites  in  a  remarkable  degree  the  structure 
of  the  Camel  and  Tapir ;  it  must  have  somewhat  resembled 
the  Llamu,  but  had  a  neck  surpassing  in  length  that  of  any 
otlier  animal  J  except  the  Giraffe.f 

34,    FOSSLL    HLPFOrOTAMUS,    EtHiNOCEROS,    HOKSE,   &C. 

,With  the  remains  of  the  mammoth,  elephant,  and  other 


•  A  spleadid  specimea  of  the  bony  cuiraas  of  the  Glyptodon  is  in 
the  HuBcum  of  tUo  CoUdgo  of  Surgeons* 

f  Aa  elaborate  account  of  tho  extinct  ardnmlj*  of  South  Americfti  by 
Professor  Owen,  will  be  found  in  the  ^^  N plural  Hiistoj^  of  the  Yoyagc 
Beagle,**  by  Mr.  Darwin. 
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large  mammalia^  teeth  and  bones  of  several  species  of  hip- 
popotamtis,  horse,  elk,  ox,  and  auroch,  are  very  commonij 
associated  in  the  alluvial  deposits  oi'  Europe.  In  the 
Yale  of  Arno,  in  Italy,  immense  qtiantities  of  the  teetb  aod 
bone^  of  hippopotami  are  found  i  on  the  table  before  us  ut 
apecLmens  from  that  locality  j  as  well  as  molars  and  incisors 
of  a  young  animal  from  Hiintingdonshire ;  and  tusks,  teeti, 
and  boneSj  dug  up  in  alluvial  marl,  at  SouthbourOj  in  SusseL 
Among  tEie  fossils  sent  me  by  Major  Cautley,  from  India, 
are  several  fine  portions  of  Jaws,  with  teeth,  belonging  to 
another  species,  the  H,  Smallemis.  Several  extinct  species 
have  been  determined  by  Baron  Cuvier,  one  of  which 
was  not  more  tlian  half  the  size  of  the  common  Hippo- 
potamus. 

The  bones  and  teeth  of  the  Ehinoceros  are  frequentij  m«- 
ciated  with  those  of  the  fossil  elephant ;  and  in  this  countij 
they  occur  in  su peril cial  gravel  and  loam«  I  have  obtained 
specimens  from  a  bed  of  gravel,  on  Petteridge  Com  moo,  in 
Surrey ;  and  from  loam  at  the  IFwA,  near  Southboum^  in 
Sussex, 

The  most  extraordinary  and  interesting  fact,  rditiflg 
to  the  Rhinoceros  in  a  fossil  state,  is  the  discovery  of  the 
entire  carcasSj  covered  with  its  skin,  in  frozen  sand^  on  tb 
banks  of  the  Wilaji,  in  Siberia,  as  previously  mentioned 
(p,  152).  The  head  was  extremely  large,  and  sustiujied 
two  very  long  horns ;  it  had  no  incisors ;  the  body  and 
limbs  were  covered  with  brown  hair  j  the  general  form  of 
the  animal  was  lower  and  more  compact  than  the  UviDg 
species* 

The  teeth  and  bones  of  one  or  more  species  of  Ilorse, 
occur  very  constantly  with  those  of  the  other  large  extinct 
pachyderms.  In  these  examples  of  the  conglomerated 
shingle  from  Brighton  cliffs  (see  p.  1 14),  the  coffiuj  pMtm^ 
and  cannon  bones,  as  they  are  termed,  of  a  small  spmm 
about  the  size  of  a  Shetland  pony,  are  imbedded ;  in  i 
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iDStances  the  cavities  of  the  long  bones  are  filled  with  ciys- 
taHized  carbonate  of  lime, 

la  addition  to  tliose  already  mentioned^  the  depoaits 
now  under  examination,  contain  veBtigea  of  other  lost 
forms  of  rasmmidia.  The  fossil  remains  of  an  animal  re- 
Bembling  the  Musk-ox  were  found  with  elephants'  hones  in 
Siberia ;  of  an  extinct  species  of  Fallow-deer  in  Scania ;  of 
Roe-buck  and  Reindeer*  in  France  ;  and  of  gigantic  Oxen, 
Aurochs, f  Deer,  &c.  in  our  own  country.  It  is  worthy  of 
remark,  that  the  fossil  pachyderms,  such  aa  the  elephant, 
ihinoeeroSj  &c*  belong  to  genera  which  are  now  restricted 
to  torrid  climes,  while  the  ruminants  resemble  those  which 
nt  the  present  time  are  natives  of  northern  latitudes- 

35,  The  DmoTHERiuM.  | — I  shall  conclude  this  notice 
of  the  fossil  mammalia,  with  an  account  of  a  gigantic 
creature,  whose  bones  occur  with  those  of  the  mastodon, 
ekphantj  and  the  other  terrestrial  quadrupeds,  previously 
fecribed* 

In  various  parts  of  the  south  of  France  large  molar  teeth, 
re&embling  in  form  and  structure  those  of  tapirs,  have 
occasionally  been  found;  they  are  described  by  Cuvier 
trader  the  name  of  the  "  Gi{/antw  Tapir"  Subsequent 
discoveries  in  Bavaria,  Austria,  and  particularly  at  Ep- 
pdaheim,  about  twelve  leagues  south  of  Mayence,  have 
thrown  light  on  the  osteology  of  the  original,  which 
appears  to  haye  been  an  aquatic  animal  of  great  si^. 
The  moat   extraordinary  deviation   from   ordinary  types 


*  In  the  aUurial  kam  filling  up  fiBiunea  in  tUc  fcertiaiy  limeatone, 
,  It  Binsi4^d,  Isle  of  Wight,  1  discovered  the  skull  of  &  reiadeer,  in 
1616.     See  my  Geology  of  the  Isle  of  ^ight,  p.  104. 

f  The  Auroch  ia  a  speeies  of  wild  bull  or  buffalOj  diatinet  from  the 
eofminoa  ox.  The  horns  of  the  foseil  ox  are  Bomotimea  of  enormous 
ftize :  Mr.  Parkindoa  had  a  pair  m  which  the  length  of  each  bom  waa 
2  feet  7  inches. 

X  IMno§,  terrible  j  iheHon,  a  wild  hesait. 
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congiata  in  a  pair  of  curved  tuskSj  which  are  fixed  in  titfr 
lower  jaW)  and  directed  downwards.  From  the  strocttire 
of  the  anterior  portioB  of  the  cranium,  and  the  disposition 
^€f  the  nasal  foBSse,  it  ig  supposed  that  the  creature  had  i 
proboscis ;  it  possessed  no  incisor  teeth  with  which  to  aem 
its  foodj  and  the  jaws  could  not  even  close  together  in  fhrot; 
the  lower  jaw  is  four  feet  in  length*     The  tusks  reaeml^le 


LiGS.    2f, — llE8T0]t£D    FIGURE   Or  till:    H  L  K  QlPS  SKI  DM. 

those  of  the  Walrua,  and  were  probably  weapons  of  defence. 
This  drawing,  {lAgn,  27,)  from  a  restoration  by  M.  Kaufit 
an  eminent  German  naturalist,  to  whose  researches  we  m 
indebted  for  the  important  discoveries  at  Eppelsheunr 
represents  the  supposed  form  of  the  original  creature.  IJ 
has  been  assumed  that  the  Dinotherium  was  nearly  rekted 
to  the  hippopotamus,  and  formed  a  link  between  the  cetacea 
and  pachyderms ;  but  it  Beems  more  probable  that  it  was 
an  herbiTorotis  cetacean  related  to  the  Lamantins, 

36-  Fossil  carmivoea  m  cayerks. — We  have  im 
briefly  reviewed  the  extinct  population  of  a  remote  period 
of  our  globe, — ^thosc  enormous  terrestrial  mammalia,  tfc* 
ma^^todonSj  mammoths,  &c.,  that  lie  buried  in  the  alluTiit 
and  superficial  strata*     We  pass  to  the  consideration  ^ 
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a  plienoroenon  not  less  interesting — the  occurrence  of  im- 
ttiense  quantities  of  bones  of  maiiy  species  of  carnivora  in 
fissares  and  caverns.  In  the  former  discoui-Be  I  alluded  to 
the  cliasms  wLicli  occur  in  certaiii  limestone  rocks,  and 
described  the  process  hj  which  their  roofs,  floors,  and 
walls  become  lined  with  stalactites  and  stalagmites  (p,  78). 
Some  of  these  hollows  have  evidently  been  occasioned  by 
tke  destruction  of  the  softer  portions  of  the  rock,  bj  the 
msioB  of  subterranean  streams  and  rivers:  others  are  so 
extensive,  and  present  such  decided  marks  of  angular 
fracture,  as  to  leave  no  doubt  that  they  are  rents  produced 
hj  earthquakes.  The  occurrence  of  bones  of  land  animals 
iQ  such  chasms  might  reasonably  be  expected* 
L  The  caves  that  admitted  of  easy  access  from  with  on  t^  and 
■lich  contain  large  quantities  of  bones  of  but  a  few  species 
fif  carnivora,  may  for  a  while  have  been  tenanted  by  species 
whose  habits  lead  them  to  retire  into  secret  recesses ;  and 
if  there  were  open  fissures,  kids,  deer,  &c*  may  have 
U\m  in,  and  their  bones  liave  become  enveloped  in 
calcareous  incrustation??.  But  the  bones  and  teeth  of 
tephivora  and  carnivora,  that  are  promiscuously  inter - 
iniugled  in  loam  and  clay  at  the  bottom  of  fissures  and 

P*""*i,  have  evidently  been  drifted  in,  while  the  land  was 
r  water- 
.  Cave  of  Gaylenredth,— For  many  centuries, 
in  caverns  in  Germany  have  been  celebrated  for  their 
•iseous  tre^sureSj  particularly  those  in  Franconia :  the 
Eiost  remarkable  is  that  of  Gaylenreutb,  which  lies  to  the 
Oorth-west  of  the  village,  on  the  left  bank  of  the  river 
Wiesent.*  The  entrance  {Li^n,  28,  a),  which  is  about  seven 
feet  high,  is  in  the  face  of  a  perpendicular  rock,  and  leads  to 
erics  of  chambers   from  fifteen   to  twenty  feet  high. 


rr 


See  Medak  of  Creation,  vol.  ii.  p*  afl&,  for  an  intereBting  account 
If  the  prcsfint  stat€  of  some  of  th&Bo  cave*;,  by  my  friend  Major 
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and  aeireral  hundred  feet  in  ejctent,  terminating  in  &  tlaep 
ehaam  (/;),  which,  however^  has  not  escaped  the  rnTiig«« 
of  visitors.  This  cavern  is  perfectly  dark^  and  the  icicle 
and  pillars  of  stalactite,  reflected  by  the  torches  which  it  ii 
necessary  to  use,  present  a  hif^hly  picturesque  effect.  The 
floor  is  literally  paved  with  bones  and  fossil  teeth  ;  and  ibe 
pillars  and  corbels  of  Rtalactite  also  contain  osseona  remaiitf. 


I 


a.  The  cnttimci;  of  me  cbvp  j   A,  one  iif  the  deep  recviiet. 


A  graphic  description  of  this  cave  was  published  bj  E 
Esper,  in  the  middle  of  the  last  century  ;  at  that  period, 
the  innermost  recesses  eoDtained  waggon  Joads  of  bon« 
and  teeth  ;  some  imbedded  in  the  roek,  and  others  in  thtf 
loose  earth. 

The  bonea  are  in  general  scattered  and  broken,  bui  iwi 
rolled  i  they  are  lighter  and  less  solid  than  recent  bonc^ 
and  are  often  incrusted  with  stalactite.  Through  the  kind- 
nesi   of  the   Earl  of  Enniskillen,   and    Sir  R  M,  de  G. 
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£gertt»ii,  I  am  able  lo  ilhif^trEbte  tUese  remarkB  by  an 
pxfceniiive  suite  of  specimenSj  exhumed  from  the  deepest 
pecpflB  in  tUe  cuTern,  by  these  dbtingiiished  geologists-  But 
tlie  most  interesting  relic  in  mj  pos.session  m  a  remark- 
Hilly  perfect  skull  of  a  bear,  which  belonged  to  ray  late 
friend  Mr,  Parkinson,  the  author  of  that  delightful  work, 
*'Tfi£  Ovfjamc  Rmnains  of  a  Former  World"* 

Cufier,  wlio  examined  a  very  large  collection  of  bones 
fern  Gaylenreuthj  determined  that  at  least  three-fourths  of 
llie  osseous  contents  of  the  caverns  belonged  to  bears ; 
aoil  the  remaining  portion  to  byeuas,  tiger ss,  wolves,  foxes, 
^luttoni^j  weasels,  and  other  small  carnivora.  Most  of  the 
botrea  which  are  referable  to  bears,  belong  to  two  extinct 
*|K!cies*  The  Inrgest  has  the  skull  more  prominent  in  front 
tbau  any  living  species,  and  is  called  UrsuH  ^jeimm,  or  bear 
of  the  caverns  ;  the  other  1ms  a  flat  forehead,  and  is  named 
Vnu$  priscvA*  The  Hyena  was  allied  to  the  spotted  hyena 
of  the  Cape,  but  differed  iji  the  foi-m  of  its  teetli  and  head. 
Bijues  of  the  elephant  and  rhinoceros  are  also  said  to  have 
l»wtti  discovered,  together  with  those  of  existing  animals, 
ind  fragments  of  sepulchral  urns  of  high  antiquity.f 

38,  FoRSTERSHonLE  (Forest  Cavern), —  Thi^  cavern, 
ifbich  is  situated  in  the  same  part  of  Germany,  is  remark- 
able for  the  beauty  of  its  stalactites  and  sparry  incrustations; 
it  varies  in  height  from  ten  to  thirty  feet,  and  its  greatest 
^dtti  is  about  ten  yards*  In  the  side  vaults  or  recesses, 
*hich  descend^  at  an  angle  of  about  forty-five  degrees,  into 
*J>e  main  chamber,  the  stalagmite  has  formed  the  appearance 

*  Theii  Royal  Highnesaei  the  Prinoe*  George  of  Cumberland  and 
^^mbfidge,  when  iuspecting  my  collection,  at  Lewes,  a  few  years  eince, 
Pobtt^  out  the  ^kull  and  boue^  of  the  UrBuu  apelffiua  as  resembling 
"^e  fossil*  that  ha<l  been  exhumed  from  a  fiswure  in  Umeetone,  in  the 
^Uigdom  of  Hanovor. 

f  Sec  Medals  of  Creation,  vol  ii.  p^  8fi3,  for  lurllior  details  relating 
dl  carnivoru. 
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of  eaHcades  of  pure  alabaster,  the  wa^es  of  wMeh  aeem  tft  I 
be  rushing  out  at  the  bottom,  to  pour  tbeiD selves  into  tbt 
stagnant  lake  of  the  same  substance  which  covers  the  floor. 
The  roof  has  been  eorroded  into  deep  cavities*,  whieh  in 
separated   by   partitions  of  every   conceivable   form  iXiA 
tenuity  I  giving   it   the  appearance   of  the   richly  frcttai 
gothic  roof  of  a  chapel,  vi^'ith  pendent  corbels.     Beautiful  | 
stalactites  depending  from  these  projections,  reach  aliaoit  I 
to  the  floor,  and  contribute  by  tiieir  delicacy  and  trMO^  ^ 
parency  to  throw  additional  richness  over  tlie  scene. 

It  is  certainly,  as  M.  Cuvier  remarks,  a  most  extniordiiiiiy  1 
fact,  that  eaves,   spread  over  an  extent  of  two  hiuidrell 
leagues,  should  have  the  same  osseous  contents.     The  retail 
tive  proportions  of  the  diflfereni  species  are  computed  \ 
be  as  follow  : — three-fourths  belong  to  bears — two-thii 
of  the  remainder  to  hyenas — and  a  small  number  to 
tiger  or  lion,  and  to  the  wolf  or  dog  ;  rolled  pebbles  of| 
greyish  blue  marble  are  the  only  extraneous  materials  foa 
with  the  bones.     The  singular  assemblage  of  species  wli 
recent  types  are  widely  separated   geographiciilly,  wh 
some  of  these  caves  present,  is  very  remarkable,     Thiii  I 
one  cavern,  animals  allied  to  the  spotted  hyena  of  the  i 
of  Grood  Hope,  are  associated  with  the  remains  of  olll 
related  to  the  glutton,   which  inhabits  Lapland  ;  and 
another,  bones  of  the  rhinoeeros  with  those  of  the  reiadei&J 

Numerous  eaves  containing  osseous  remains  are  scatt^l 
over  the  continents  of  Europe  and  America  ;  nod  in  Aui*1 
Iralia,  fossil  bones  referable  to  animals  of  difiereut  gpa«% 
are  found,  under  similar  conditions.  In  the  Brazili*  there 
are  also  numerous  ossiferous  caverns  presenting  the^tm* 
generd  eharaeter.*  These  bones  belong,  for  tlie  most  fjarii 
to  genera  which  itill  iuhabit  South  America.  It  is  wart^ 
of  especial  notice,  that  the  bones  of  a  species  of  horse  oo^ti 
in  these  accumulations  j  for  when  the  Spaniards  invft 
the  country,  horses  werti  unknown  to  the  inhabitants^  i 
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upon  seeing  a  Spanmi'd  on  horaeback,  actually  supposed 
that  the  man  and  horse  were  but  one  animal.  At  the 
present  timCf  herds  of  wild  horses,  the  descendants  of  those 
introduced  by  the  Spaniards,  are  distributed  over  the  vast 
plains  of  South  America,  "It  is  a  marvellous  event  in  the 
history  of  animals,"  observes  Mr.  Darwin,  **that  a  native 
kind  should  have  disappeared,  and  be  succeeded  in  after 
ages  by  countless  herds  introduced  by  the  agency  of  man," • 
39.  Bone  caverns  in  England. — In  England,  caves 
and  fissures  containing  bones  of  bears,  wolves,  and  other 
carnivora,  in  every  respect  analogous  to  those  of  Germany 


LtOK,  23— SmfTIOJI  OF  TFJ  KHTRAHCE  TO  Ktnt^biLK  CAVe. 

(From  Dr.  Buekiattd'A  KtUg.  Diiuej 

A.  Mud  eoTBTlug  the  floor  of  the  tave  to  the  depth  of  OM  flMt,  and  etni»]«liDg  the 

Iwnea. 

B.  Stalatfmile  coptftitiing  boneft,  fornieii  hefnrc  the  mini  wsa  IntrodiiceA. 

C.  C*  Stajagmite  foimed  over  ihe  mud. 

0*  tniiiUted  «talifginJte  on  the  surface  of  the  mud. 
E.  E.  Stalactltefl  dependent  from  the  roiaf. 


above  described,  have  been  discovered  and  explored-  The 
Dean  of  Westminster,  in  his  beautiful  work,  the  HMfquim 
Dilumanm^    has   noticed   several  of  the   most  important 

*  Voyagie  of  the  Adventare  and  Beagle, 
N  2 
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Kj*seinblages  of  this  kind  ;  of  tliestj  tlie  cave  of  Kirkdale^  In 
consequi^iiee  oi"  the  higlily  interesting  diaquiaition  on  its 
couteota  by  Dr.  Biickliind,  is  the  most  celebrated* 

In  the  summer  of  1821,  a  deep  lissurti  or  chasm  was 
covered  near  Kirkdtile,  about  twenty-five  nailes  NN, 
York|  in  a  bank  about  sixty  feet  above  the  level  of  a 
valley,  iind  near  a  public  road*     Some  workmen  who 
quitrrying  stone,  cut  Jicross  the  narrow  mouth  of  a  d 
which  had  been  choked  up  with  rubbish,  and  overgi 
with  grass  and  bushes  ;  and  wMch,  from  this  cause,  us 
as   from  its  iDacceBsible  situation^   had   hitherto  eati 
observation*     The  entrance  was  so  small  that  a 
could  only  enter  in  a  bent  position ;  and  the  passage  was 
ceedingly  irregular  in  ita  dimensions,  varying  from  two 
seven  feet  in  breadth,  and  from  two  to  fourteen  feet 
height,  its  greatest  length  being  245  feet*     The  cave  w« 
divided  into  several  smaller  cavitieii,  whicli  were  iiear^j 
closed  by  sparry  concretions  ;   these  occurred  wh«re  thtf 
roof  was  intersected  by  fissures,  and  continued  for  a  kft 
feet,  but  were  gradually  lost  in  the  superincumbent  Umr 
atone  ;  they  were  thickly  lined  with  stalactites.     The  trai 
floor  was  only  seen  near  the  entrance,  for  in  the  intenw 
the  whole  was  covered  with  a  bed  of  hardened  mud  m 
clayj  about  a  foot  in  averiige  thickness.     The  surface  wM 
perfectly  smooth  and  level  when  the  cave  was  first  opefledt 
except  where  stalagmites  had  formed  upon  it  by  inlihralioB 
from  the  roof      Where   stalactitic  matter  in  crusted  tbe 
Bides,  it  also  extended  over  the  bottom  like  a  thin  coit 
of  ice  ;   and  therefore  must  have  been  deposited  since  tb 
mud  was  introduced.     This  mud  or  clay  was  fiJleil  wHk 
fragments  of  bones  belonging  to  a  great  variety  of  anjjnak; 
and  some  of  the  bones  exhibited  marks  of  having  been 
gnawed.     From  many  corroborative  circumstances  tbeit 
appearaiices  were  supposed,  by  the  distinguished  aodwf, 
to  have  been  occasioned  by  hyenas.    The  bones  thus  prejd 
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Upon  belimg  to  the  tiger,  bear,  wolf,  fox,  weasel,  elepUfliit, 

rhinoceros,  hippopotamus,  horse,  ox,  and  deer.     Bories  of  a 

es  of  hare  or  rabbit,  water-rat,  ami  mouse,  with  frag- 

finis  of  the  skeletons  of  raveug,  pigeons,  larkM,  and  duek?*, 

iTtire  imlK^dded  with  these  remains. 

From  these  facts  Dr.  Bucklund  inferred  that  the  cave 

ad  been  inhabited  by  hyenas  for  a  considerable  period,  and 

;  many  of  the  remains  found  there,  were  of  species  wkicli 

:  been  carried  in,  and  devoured  by  those  animals,  and 

tt  in  some  instances  the  hyenas  preyed  upon  each  other  ; 
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aawed  portions  of  elephants'  bones  seem  to  show  that 
onally  the  large  mammalia  also  served  as  food-  It  is 
^He  that  many  of  the  smaller  animals  were  drifted  in 
arrents,  or  fell  into  the  chasm,  through  fissures  now 
sed  up  by  stalaetitical  incrustations. 
Kent's  Cave,  near  Torquay  in  Devonshire,  Ores  ton 
ive  near  Plymouth,  and  Ban  well  Cave  in  the  Meridip 
are  well  known  for  the  abundance  and  variety  of  the 
dl  bones  imbedded  iu  alluvial  drift,  with  which  they  are 
rtly  filled.* 

Td  Ike  soutk-eaat  of  England  Ijut  one  inetanco  is  knoiv^ii ;  a  fissure 
i  the  Band  rock  at  Boughton  Quarrioiii  aear  Maidstone,  contained  the 
|l»  md  Bome  boaes  tif  a  hyena,  which  are  now  in  the  Muaeuni  at  O^tford. 
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Of  these,  the  first  named  hiia  been  the  most  prodiiciiTe  m  objoeti^rift^ 
ierest ;  proh^bl j  from  thi^  diligent  research  carried  on  for  mnjiy  ye&i8  hj 
sereral  local  collectors.  A  very  fine  and  ei1,eiigiTe  series  obtained  by  the 
late  Eev.  J.  MacEneiy^  of  Torquay »  ia  now  in  the  Britiah  Museum.  11 
compri^s  akullB  and  bones  of  all  the  species  of  camiTora  natianj  mtl 
with  in  Buch  reccBae« ;  and  alBo  the  sknll  and  teeth  of  a  sp^dtt  d 
Badger^  Otter^  Pole-caij  Ermine^  l^c.  Among  these  are  a  mxtA  w 
markalile  canine  toothy  dx  inehefi  long,  and  an  incisoT,  of  a  raUnfl 
animal  larger  than  the  Tiger  {Madiairodus  latidend);  theedgKof 
these  teeth  are  serrated^  and  the  canine  is  yqtj  like  in  farm  the  tooti 
of  one  of  the  Wealden  reptiles  (the  MegaloBa^ms).  The  teeUi  of 
anothe  r  species  oceur  in  the  cavos  of  Gemmny ;  and  a  sknll  with  i««lb, 
has  lately  been  found  in  Auvcrgne.  This  extraordinary  anmal  via 
originally  named  Ursus  cuUridens  by  Cuyierj  who  snppoijcd  it  to  haTc 
been  an  estinct  apedee  of  Bear** 

But  this  cave  i»  invested  with  additional  interest  on  anotbor  aceoiint» 
irhich  I  TV  ill  hero  briefly  explain.  The  print.npal  fissure  ext-enda  (jOO  feei 
in  leigtb,  and  there  are  se?eral  leaser  lateral  ones.  The  lower  part  of 
the  eave  is  fili^  up  to  a  thickness  of  20  feet,  with  reddi^li  £tandy  Io«d> 
full  of  foesil  bones.  This  is  covered  by  a  layer  of  stala^mitCj  frm  m 
to  four  feet  thiek,  which  form&  the  floor  of  the  cavo.  Upon  tlui  ii 
a  slight  covering  of  earthy  matter,  with  here  and  there  patches  of  elur 
eoal  i  a  few  human  bones,  and  fragments  of  coarse  ancient  potteijt 
have  beeo  obsen'ed.  Upon  breaking  through  the  Bpany  floor  tk 
ossiferous  earth  is  exposed ;  and,  imbedded  witJi>  tM/ossU  bonu,  iffruttl 
flint  knives,  arrow  and  spear  hcads^  have  been  disco vered*  Thae 
stone  instruments  are  of  the  same  kind  as  those  found  in  the  tamuUof 
the  early  British  tribes,  and  unquestionably  belong  to  the  name  perioi- 
This  fact  has  given  rise  to  much  curious  speculation,  but  the  u^ 
menta  I  shall  presently  bring  forward,  when  speaking  of  a  Bian- 
lar  collocation  of  works  of  art,  and  human  bones,  with  those  of  tM 
extinct  caTcm  animals,  will,  I  conceive,  show  that  the  data  hitherto 
obtained,  do  not  warrant  the  inference,  that  those  relicft  were  oontan^ 
porary.  Eent^s  Hole,  Ban  well  Cave,  and  all  the  ossiferous  c»reif 
have  examined  in  England,  appear  to  have  been  mere  rente  W 
fissures  in  limefttono  rocks,  which  were  filled  with  drift,  while  w^ 
merged  in  shallow  water ;  and  the  careaaea  of  land  ^nimati  s^ 
have  been  floated  in  by  the  subaqueous  eurrents-  As  the  toiKij 
though  broken,  are  rarely  waterworn,  and  the  fragments  even  i««»ii 
their  sharp  edges,  the  bones  must  have  been  more  or  less  ] 


*  Soe  British  Fossil  Munmalia,  p.  1^4 


aw  even  rs«a 
!is  protect**!  I?  fl 
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JQaBi;rleB  and  tikiu :  the  ijxtreme  freshno^a  of  nmny  of  them  (enp^iaUy 
in  IkawcH  Gave)  sMppori*  this  opinion.  Upon  the  elovatioa  of  the 
\mi,  tbii«e  fiasurea  Yf&m  raised  above  the  water,  and  |p-adually  d mined, 
ilitring^  irhicb  period  the  fonnatioa  of  stalactite  commenced  from  ihe 
periNiljition  of  water  througfa  the  euperiocurabent  bccin  of  lim^tone. 
Wbt^n  Kent  a  Care  was  acceeaiblej  and  before  the  formation  of  the  floor 
of  «taiagmite«  Bome  of  tlie  wimdeting  triboii  of  the  early  Britons  maj 
live  prowled  ioto  the  reco«,  or  occaaionallj  nought  shelter  there ,' 
ftoiie  Implements,  booes,  or  any  hard  atibutiinceiii,  left  in  the  cave. 
Id  BOOH  aink  a  few  feet  in  the  soft  oeaiferouM  mud,  and  become 
Innetlcaily  sealed  iip,  as  it  were,  by  the  atalagmitie  deposit. 

From  what  has  been  stated,  we  learn  that  our  wastes 

d  forests  were  once  inhabited  by  extinct  herbivora  wad 

ivora,  belonging  to  genera  of  which  the  recent  speciei 

almost  entirely  restricted  to  southern  climates ;   that 

of  the  cave^  were  tenanted  by  suceessive  generations 

bears,  wolves j  &c. ;  that  the  hyenas,  according  to  their 

:iiliar  habits,  dragged  into  their  dens  the  creatures  which 

J  killed  or  foand  deatl,  and  devoured  them  at  their 

mre ;- — that  subsequently  all  tKeae  races  were  annihilated 

,pt  the  few  allied  species  which  still  inhabit  the  Enro- 

m  continent  and  islands.     In  England,  the  only  living 

resentatives  of  the  three  families  of  carnivora  which 

farmed  in  these  latitudes  during  the  Mammoth  period, 

*te  the  Fox^  of  the  dog  tribe  ;  the  iVild  Cat,  of  the  feliue 

Jfrder ;  and  the  Badgm\  of  the  bear  tribe,* 

m  40,    DlSEASEB  BONES  OF  CAEKIVORA  FOUND  IK  CATE3, — 

Among  the  bones  found  in  the  caves  of  Germany  are  many 
in  a  condition  which  must  have  resulted  from  accident  or 
disease*  In  some  there  has  been  a  formation  of  new  bony 
titer  to  repair  fractures ;  in  others  there  is  anchylosis,  or 
[eaion  of  the  joints  fixim  inflammation :  while  in  some 
effects  of  caries,  or  deeaj  of  the  bones,  the  result  of 
and  painful  diseases,  are  apparent.     Others  have  a 

*  Britiflh  Fq«8I1  Mammalia, 
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light  and  spongy  character,  and  are  very  fragile,  which 
must  have  arisen  from  a  want  of  energy  in  the  nutritive 
system,  in  consequence  of  a  scrofulous  affection.* 

41.  Human  bones,  and  works  op  art  in  caverns. — 
Not  only  in  the  caverns  of  England,  but  also  in  those  of 
France  and  Grermany,  human  bones,  and  fragments  of 
ancient  pottery,  have  been  found.  As  mankind,  in  an 
uncivilized  state,  conmionly  inbabit  caves,  traces  of  their 
having  occupied  recesses,  which  had  previously  been  the 
retreat  of  wild  animals,  might  be  expected.  But  as 
bones  of  extinct  species  occurred  with  these  relics  of  man,* 
it  was  assumed  that  they  were  coeval  with  each  other; 
more  accurate  observations  have,  however,  rendered  it  pro- 
bable that  the  human  remains  were  introduced  at  a  later 
period.  We  have  historical  proof  that  the  early  inhabitants 
of  Europe  often  resided,  or  sought  shelter  in  caves.  Thus 
Florus  records,  that  Caesar  ordered  the  inhabitants  of 
Aquitania  to  be  inclosed  and  suffocated  in  the  caverns  to 
which  they  had  fled  for  safety,  f  Many  tribes  of  the  Celtic 
race  occupied  these  subterranean  retreats,  not  only  as  a 
refuge  in  time  of  war,  but  also  for  shelter  from  cold,  and  as 
magazines  for  their  corn,  and  for  the  produce  of  the  chase, 
and  as  places  of  concealment  for  the  animals  they  had 
domesticated.  The  bones  of  such  of  these  people  as  perished, 
or  were  buried  in  the  caverns,  would  become  blended  with 
the  mud,  gravel,  and  debris  of  the  animals  already  en- 
tombed ;  and  a  stalagmitic  paste  might  in  some  places  be 
formed  by  the  infiltration  of  water,  as  at  Bize,  and  cement 
the  whole  into  a  solid  aggregate.  In  concretionary  masses 
of  stone  of  this  kind,  containing  bones  of  the  bear,  and 


*  Professor  Walther,  on  the  antiquity  of  diseases  of  bones ;  see 
Professor  Jameson's  Cuvier's  Theory  of  the  Earth.    Edin.  1827. 

f  A  horrible  and  atrocious  cruelty,  which  the  French,  of  the  nine- 
teenth century,  have  not  scrupled  to  perpetrate  in  Algeria  ! 
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■her  extinct  gpecies,  hum  an  bones,  fragiDente  of  potteiy, 
feres^trial  shells^  and  bonea  of  aniitiaL*  of  modem  timea, 
miij  therefore  be  asi^ociated.*  Sucb  ai*e  the  content «  of 
numerous  caves,  and  this  explanation  shows  bow  they  maj 
have  been  accumulated,  f 

42,  Osseous  bkeccia^  or  bone-conqlomeeate, — The 
facts  we  shall  next  examine  are  even  more  extraordinary 
tiiMi  those  already  described ;  for  the  fossil  remains  are  not 
imbedded  in  gravel  or  clay,  or  collected  together  in  enves, 
but  occur  in  fissures  of  limestone,  over  an  area  of,  many 
hundred  leagues,  and  in  rocks  and  islands  very  remote 
from  ea^h  other*  The  limestoue  presents  but  little  varietyj 
the  substance  in  wliich  the  fossils  are  enveloped  is  every- 
where the  same»  and  the  hones  belong,  with  few  exceptions, 
to  similar  species  of  animals.  The  rocks  in  which  they 
occur  have  been  shattered  in  every  direction >  and  the 
fisaares  are  filled,  more  or  less  completely,  with  what  geolo- 
pBU  term  an  osseous  or  bone-breccia ;  that  isj  an  ajrgrega- 
tion  f^f  bones  held  together  by  a  calcareous  cement  or  paste, 
in  ihe  same  manner  as  the  conglomerated  shingle  near 
Brighton  (p.  79) ;  or,  to  exemplify  it^  nature  by  a  still 

\m  familiar  illustration,  the  mixture  of  mortar^  pebbles, 
which  is  employed  in  masonry,  and  called  concrete. 

This  cement  is  of  a  reddish  brown  colour,  and  much 
resemhles  common  brick,  while  tlie  bones  are  beautifully 
white,  ^id  in  many  instances  have  their  cavities  lined  with 
spar.  In  some  examples  the  bones  have  undergone  but 
tele  change ;  m  otherSj  the  cells  of  the  cancellated  structure 
*re  filled  with  calcareous  matter.     The  specimen  before  us 
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*  Memoir  hy  M,  Desaojef, 

t  The  femur  of  the  Bear  ia  aq  like  the  hutnaa  thigh-bone,  as  to 
h%  rea4ilj  mistakDD,  without  due  eaation;  see  Prof  Owen;  Bntifih 
Ifumfl&lk.,  p.  ©0  ^  in  ^hich  the  diBtitictiTO  character  of  mvh  are 
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{LipL  3 1 )  IS  from  Gibraltar,  and  contaios  two  teeth,  and 
fragmeota  of  bone,  of  a  ruminant  The  breccia  in  which  the 
teeth  are  imbedded  is  now  a  compaet  Umeatone ;  it  is  of  a 


LlC^N.  Mr — TbBTU  or  a  IIUMIN4KT   IJT  aUXOtTi  BHCCIA,  FROH  GiBS-UpTAX. 


dull  red  colouFj  mottled  with  white,  and  susceptible  of  a  good 
polish.  This  osseous  breccia  occurs  on  the  northern  shores 
of  the  Mediterranean ;  in  the  rock  of  Gibraltar ;  at  Cette, 
Nice,  and  Antibea  j  in  Dalmatia,  and  in  the  isles  of  Cerigo, 
Corsica,  &c. ;  and  in  Sicilj*  Sardinia,  and  many  parts  of 
Germany,  Ea^h  of  these  localities  presents  highly  interest- 
ing examples  of  the  objects  of  our  present  inquiry. 

43.  The  kock  of  Gibralteh. — As  the  rock  of  Gibral- 
tar, so  well  known  from  its  historical  and  political  impor- 
tance, affords  a  good  illustration  of  the  phenomena  under 
review,  I  shall,  for  the  sake  of  brevity,  confine  ray  obser- 
vations to  that  celebrated  spot.  Gibraltar  is  situated  on 
the  Spanish  side  of  the  Mediterranean,  being  united  to  the 
main  land  by  a  narrow  isthmus,  which  is  a  mere  bank  of 
consolidated  sand,  about  three-fourths  of  a  mile  broad,  and 
only  eight  or  ten  feet  above  the  level  of  the  sea.  The  rock 
stands  on  the  western  extremity  of  the  area  in  which  theosse- 
ous  breccia  occurs,  and  its  greatest  altitude  is  about  1,3^0 
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teeti  It  is  in  great  part  composed  of  strata  of  compact^ 
bluish-grey  marble,  of  the  oohtic  period,  vrhiob  like  most  ex- 
tensive limestone  masses  is  cavernouSi  The  principal  cavern, 
called  St.  Miehaersj  contains  stalagmites  and  stalaetite% 
which  when  polialied  are  of  great  beauty.  The  fissures  in- 
tersecting the  rock,  as  well  as  those  in  some  of  the  caves, 
are  partially  filled  up  with  a  calcareous  concretion,  of  a 
reddish-brown  colour,  which  in  some  parts  is  a  mere  earthy 
mass,  hut  in  others  is  highly  indurated.  The  houes  are  con4^ 
monly  in  a  broken  state,  and  but  seldom  water-worn  ;  and  the 
fragments  of  limestone  with  which  the  fissures  abound,  are 
also  angular,  and  have  evidently,  like  the  bones,  fallen  into 
the  crevices  at  different  periods,  and  been  gradually  in- 
eruBted  and  conglomerated  by  calcareous  infUtrationa. 
Snails  and  other  land  sheila  of  the  existing  species  of  the 
country  often  occur  impacted  in  the  solid  breccia ;  and  as 
the  stalactitie  concretion  is  constantly  gning  on,  some  masses 
contain  recent  terrestrial  shells  unmised  with  bones. 

The  cementing  material  is  very  similar  in  the  diflferent 
localities  where  the  breccia  has  been  observed  ;  namely,  at 
Cette,  Nicej  Antibes,  &c,  in  Dahuatia  and  Sardinia,  The 
animal  remains  of  the  breccia  are  referable  to  several 
species,  some  of  which  are  recent  and  others  probably  ex- 
tinct, of  deer,  antelope,  rabbit,  ratj  mouse,  &c.  Bones  of 
birds  and  of  lizards  have  been  discovered  at  Cette ;  and  of 
lemmings,*  and  of  the  lugomr/Sy-\  which  now  only  exists  in 
Siberia :  it  is  but  rarely  that  traces  of  camivora  are 
observed,! 

Ko  one  can  fail  being  struck  with  surprise  at  the  occur- 
rence of  these  isolated,  yet  analogous  phenomena*  which 

•  Lapland  marmot 

t  SigTiifyiiig  rat,  or  tailksa  hare;  a  aiiall  animal  wki^^formi  a  link 
bctweea  the  hare  and  the  rat. 

J  See  an  int-cra&ting  meinoir  in  the  Geolagy  of  the  Environs  of  l^ice, 
Uy  Sir  H.  De  la  Beclic  :  GeoK  Trana.  vol.  iiL  p.  17L 
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aurrotind  the  great  basin  of  the  Mediterranean  i^  rocks 
of  a  uniform  character,  fissured  and  broken,  tlieir  renfe 
filled  up  with  similar  materials,  and  with  the  remain?  of 
the  Bame  species  of  animala.  The  oeeurrence  of  species, 
either  extinctj  or  no  longer  inhabiting  the  same  lalitm 
(as  the  Jaffomys)^  refers  the  period  of  the  existence  of 
animals  to  the  epoch  of  the  mammotha  and  mastodons  j 
the  absence  of  marine  remain s^  and  of  the  usual  abrading 
effects  of  waterj  show  that  the  breccia  ivas  formed  on  <3iy 
land,  and  not  beneath  the  sea.  The  rational  explanation  of 
these  factSj  appears  to  be  that  which  assimies  the  origiflil 
union  of  thej^e  distant  rocks  and  islands  into  a  continent^or 
large  islatid^  that,  like  Calabria^  was  subject  to  repeatd 
visitations  of  earthquakes;  and  that  the  animals  which 
inhabited  the  country  fell  into  the  fissures  thus  produced, 
and  were  preserved  bj  the  calcareous  infiltrations  thAt 
were  constantly  in  progi'esa.  Subsequent  convulsions  se- 
vered the  country  into  rocks  and  insular  masses j  of  which 
catastrophes  the  osseous  conglomerates  are  the  physical  airf  * 
only  records, 

44,  Osseous  breccia  of  AcsTRALii.  —  Cave^  ifi^ 
fissures,  filled  with  osseous  breccia,  of  the  same  natuff 
as  that  above  describedj  have  also  been  discoverifd  io 
Kew  Holland,  to  the  westward  of  Sydney,  near  tlie  tab 
of  the  Blacquarrie  river;  and  it  is  not  a  little  remarkabtei 
that  even  the  red  oehreous  colonr  of  the  European  congb- 
merates  prevails  ;  the  bones,  however,  belong  to  animali 
wholly  distinct  from  any  noticed  in  the  preeesding  ei* 
amples*  Some  of  them  are  of  living,  others  of  extinct 
species,  but  almc^t  all  are  referable  to  marsupial  aniniftk 
as  the  Kangaroo^  Wombat,  Uas^umSj  &a  A  portion  of 
a  large  bone,  found  iu  a  cave^  is  said  to  belong  to  iht 
hippopotamus,  and  another  fragment  to  the  mastodon,  but 
this  requires  confirmation ;  it  is,  however,  a  subject  wortfaj 
of  attention,  since  the  kangaroo  is  the  largest  animal  now 
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known  in  those  regions.  The  fact  that  the  fossil  animals 
hitherto  discovered  are  marsupial,  that  is,  belong  to  mam- 
malia which  carry  their  young  in  a  pouch— a  type  of 
organization  which  is  the  peculiar  feature  of  the  existing 
Australian  fauna — is  of  great  interest,  for  it  proves  that 
the  present  zoological  character  of  the  country  has  prevailed 
from  a  very  remote  period. 

45.  Retrospect. — I  must  now  bring  to  a  close  this 
survey  of  the  ancient  superficial  deposits — those  accumula- 
tions of  alluvial  debris,  which,  taken  as  a  whole,  are  refe- 
rable to  a  far  more  remote  period  than  those  which  strictly 
belong  to  the  human  epoch  ;  although  the  ancient  pass  by 
insensible  gradations  into  those  of  comparatively  recent 
origin. 

In  the  former  discourse  I  found  it  necessary  to  refer 
to  the  discoveries  of  Astronomy,  to  elucidate  the  earliest 
physical  conditions  of  our  planet ;  in  the  present  I  have 
summoned  comparative  anatomy  to  our  aid,  and  have  en- 
deavoured to  point  out  the  mode  of  induction  pursued  by 
the  palaeontologist,  in  his  inquiries  into  the  fossil  remains 
of  animal  organization,  and  by  which  he  is  enabled  to  call 
forth  from  their  rocky  sepulchres,  the  beings  of  past  ages, 
and,  like  the  fabled  sorcerer,  give  form  and  animation  to 
the  inhabitants  of  the  tomb. 

From  the  facts  that  have  been  reviewed  in  the  course  of 
this  Lecture,  the  following  inferences  result. 

First — that  the  extinction  of  certain  forms  of  animal 
organization  has  extended  throughout  the  period  compre- 
hended in  our  present  researches.  We  have  traced  its 
influence  from  the  partial  extirpation  of  certain  existing 
forms,  to  the  entire  annihilation  of  many  species  and  ge- 
nera that  once  were  contemporary  with  man ;  as  well  as  to 
those  which  lived,  and  became  extinct,  antecedent  to  all 
traces  of  the  human  race. 

Secondly — that  while  in  the  modern  marine  and  fluviatile 
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deposits,  the  remaios  of  existing  species  of  animals,  and  of 
man  and  hia  works^  are  entombed, — in  the  ancient  alluTtd 
Bedimentss,  those  of  large  extinct  mammalia  are  chiefly 
imbedded,  and  no  vestiges  of  hnman  remains  have  bem 
discovered. 

Thirdly — that  the  bones  principally  belong  to  extinct 
mammalia,  related  to  the  elephant^  lappopotaniuSs  slolh, 
horse,  deer,  &c*  i  and  to  the  bear,  hyena^  tigerj  and  other 
carnivora ;  and  with  these  are  associated  the  remains  of 
recent  species. 

Fourthly — that  in  the  period  immediately  antecedent  I* 
the  present  state  of  the  earth's  surface,  the  dry  land  teeinei 
with  large  herbivorous  animals,  which  roamed  through  the 
primeval  forests,  unmolested,  save  by  beasts  of  prey*  Nu* 
merouB  species  fuid  entire  genera  have  since  been  swept 
away  from  the  face  of  the  earth, — some  by  physical  revo- 
lutions, others  by  a  gradual  decadence, — while  many  liflTfft 
been  exterminated  by  man. 

Lwstly — that  the  various  deposits  in  which  these  ibflsill 
are  imbedded,  whether  formed  in  the  beds  of  lakes,  rivers,  of 
estuaries,  have  been  elevated  above  the  level  of  the  wBters 
and  become  dry  land,  at  a  comparatively  recent  period,  tad 
now  constitute  fertile  countries,  supporting  busy  comma' 
ni ties  of  the  human  race. 


I  have  thus  endeavoured  to  interpret  one  chapter  in  the 
ancient  physical  history  of  our  planet,  and  explain  th« 
records  of  one  epoch  in  geological  chronology.  We  ha^ 
entered  upon  the  confines  of  the  past,  and  already  we  ^ 
ourselves  surrounded  by  an  innumerable  population  of  un* 
kuown  types  of  being, — not  as  dim  and  shadowy  phantoow 
of  the  imagination,  but  in  all  the  reality  of  form  iud 
structure,  and  bearing  the  impress  of  the  mighty  changeirf 
which  they  constitute  the  imperishable  memorials*    T^c 
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have  witnessed  the  effects  of  repeated  changes  in  the  relative 
level  of  the  land  and  water, — ^have  seen  that  our  present 
plains  and  vaUeys  were  submerged  beneath  the  ocean,  at  a 
period  when  large  mammalia,  apparently  unrestricted  by 
existing  geographical  limits,  were  inhabitants  of  regions 
which  are  now  no  more ; — and  we  have  obtained  additional 
proof  that — 

New  worlds  are  still  emerging  from  the  deep. 
The  old  descending  in  their  turn  to  rise  ! 

Even  in  this  early  stage  of  our  progress,  we  have  con- 
clusive evidence  of  the  extinction  of  whole  tribes  of  ani- 
mals, alike  admirably  adapted  to  the  conditions  in  which 
they  were  placed,  as  the  races  which  have  survived.  And 
it  is  most  gratifying  to  the  geologist  to  find,  that  this  fact, 
which  but  a  few  years  since  was  received  with  hesitation 
by  most,  and  condemned  and  rejected  by  many,  is  now 
adduced  by  the  moralist  and  divine,  as  affording  new  and 
striking  proofs  of  the  wisdom  and  overruling  providence 
of  the  Eternal* 

*  See  Dr.  Buckland's  Bridgewater  Essay. 


LECTURE  ni. 

I.  TDtiodoatofy*  S.  Mineral  compapllfon  of  Rorki«  3^  Cry«tsl1izAtlDn.  4. 
ttflnflCUm.  fi^  Displaced  Strat&H^  6.  V«[n4  ancl  F^ulU*  7*  CThmnol^^ 
Syitnptli  or  the  BtraU.  ft-  Geuiogy  ot  EiikIaitkL  £f.  AUurium  and  DiUtd  I 
Modern  Epwrh^  10^  Eiratlo  Jiuuldcri,  LL  Tertiary  FonimtioTi».  12.  CUulA«1 
catfftfi  of  the  Tertiary.  UU  Fodsll  SlidlA.  14.  LJlhologicad  Ch&racten  of  I 
Tertbry.  15.  Subdivisions  ef  tba  Tertiaiy  System.  }Q.  Pllucene 
I7«  Miocene:  tlie  Cra^f.  18^  EiKieiit^,  or  Lower  Tertlur/.  l&.  The  Parii  ] 
m  Tbe  London  Basin.  2h  Tlu<  Jtle  of  Skeppi^y.  22.  J] age h or  Sand.  IJ. 
notnena  of  Bprlnp^  24,  ArttiMiaiiWdk.  2  S.  The  Ham  pah  c  lit;  Basin.  26, 
Bay.  27,  London  Clay  of  Hampiitilre.  2B.  Freab water  Turtiary  of  the  Id 
Wlj^hU  ^.  Of  gnu  1c  Retnaini  of  the  Eocene  Strata^  ZQ*  Amber.  5L 
<3f  the  Tertiary.  32.  Shells  of  the;  Terliafy.  33.  FomU  Nautilun.  M,  Nil 
lltei.  35.  Eotaliie,  3ti.  CruHUnreaiia  and  Fishes,  37,  Tertiarf  Rc^ 
Si.  Tertiary  Bird! .  S9.  PoEJiil  Mammalia  of  Pads.  10.  Pkf motile ria  A0dAiii4 
plothena.  -IL  FqssU  Monkeys^  42.  TeTliairy  Defkoiltt  of  AIje,  4S, 
luieett.  44.  Foaiil  Fos  of  CEnini^en.  45.  FaMEii]  Flslies  of  Monte  Bohri  l4. 
Tertiary  Yolcanoei  of  France.  4T,  Extinct  Voleatioea  of  Auvcrgiie.  4^  CnM» 
Hi  iha  Pnj  de  Cotne.  4f.  Mont  Dore.  SO.  Lacustrine  Strata  of  AuTffpiw 
il.  SuoeetilTe  Epoclii  of  MammaUa.  52,  Survey  of  Genloii;ii'al  Fh«nqinmi^ 
&S.  Excavation  of  VBlleyi  br  nmiitn^  Water.  54.  Extlnet  Vokanoe*  ot  tM 
Rblno.  S&  Browii  Coal  Deposits  i  the  Loesa.  56.  Tertiary  of  Etifopt  lli 
Nortli  America,  if.  Altered  Tertiary  of  tbo  Andei.  SB.  Sallferoiu  De^«llk& 
S9,  Retroipect.    €0.  Concluding  llemailLA. 

h  Iktboductory*— Although  it  is  my  object  in  these 
Lectures  to  present  a  geuerul  view  of  the  philcNiopb/  of 
Geologjj  and  render  the  exmoinatiott  of  geological  pbeno* 
mena  sabservieDt  to  an  exposition  of  the  laws  whicli  tlio 
Divine  Author  of  all  things  has  established  for  the  reno- 
vation, maUiteriance,  and  government  of  the  organic  and 
iriorganic  kingdoms  of  Nature,  I  must  enter  gomewhAt  m 
detail  on  the  nature  and  distribution  of  the  material  of 
which  the  crust  of  the  earth  is  composed.  For  biied 
as  Geology  is  upon  observations  of  the  various  physicil 
changes   which  are  now  taking  place  on  the  surface  o( 
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IT  glolje,  and  on  investigations  of  the  natural  records  of 
pilar  changes  in  periods  antee^edent  to  all  liunmn  libtory 
id  tradition,  the  minerals  and  fossils  are  the  alphabet^  the  I 
>cks  and  mountains  the  volume^  by  which  tJie  student  of 
us  in  teres  ting  department  of  science  must  Je-ai'n  its  im- 
crrtaDt  lessons.  But  to  those  who  cannot  examine  Nature 
i  her  secret  recesses^  or  accompany  an  experienced  teacher 
}  thd  valleys,  or  the  mountain -tops,  lectures  illustrated  by 
[lecimens  and  drawing^j,  afford,  perhaps,  the  best  substi- 
ute  for  the  more  efficient  and  interesting  mode  of  in- 
^ctioiii 

That  we  may  obtain  a  clear  and  comprehensive  view  of 
lie  vast  fteld  of  inquiry  that  lies  before  us,  artificial  class i- 
cations  are  necessary  in  this,  aa  !a  other  departments  of 
eience  s  and  without  assoming  that  the  arrangement  in 
'Wyh  the  various  deposits  are  grouped  by  modern  geologists, 
lay  not  require  considerable  modification  as  new  facts  are 
KMight  to  light  J  I  wiU  place  before  you  a  tabular  view 
r  the  formations,  or  systems  of  deposits,  in  their  pre- 
uned  chronological  order.  At  the  same  time  it  must  be 
oiriie  in  mind,  that  all  arrangements  of  this  kind  necessarily 
iTolve  arbitrary  distinetiona ;  and  that  it  may,  possibly, 
ereafter  appear,  that  we  have  in  some  instances  classed  as 
sneral,  wliat  are  but  local  phenomena ;  and  have  grouped 
fgether  in  one  system,  strata,  which  farther  investigations 
lay  show  to  be  distinct  formations,  separated  from  each 
iher  by  vast  periods  of  time.  It  must  too  be  admitted, 
lit  there  ai*e  not  in  nature  those  strict  lines  of  demarcation 
stween  one  system  of  strata  and  another,  which,  for  the 
3iivemenee  of  study,  have  been  adopted*  For  though 
ae  limits  of  certain  formations  may  be  clearly  defined 
I  Ofie  region,  in  other  and  distant  countries  there  may 
e  an  insensible  passage  from  one  system  to  the  other. 
B  flhort,   both  in  the   organic   and  inorganic   kingdoms 

[ure,  in   proportion  as  our  knowledge  h  in cr eased j 
• 
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and  our  views  onlargedj  the  harmony  and  nmty  of  m 
become  more  and  more  mamfe^st  5  the  apparent  breaks  ii 
chain  of  causation  exist  only  in  our  imperfect  concept 
These  considerations  will  not,  however,  affect  those  lea 
principles  of  Geology  which  it  is  my  present  endeavoi 
render  familiar  to  the  intelligent  but  unscientific  inqui 

In  pursuance  of  this  object  we  will  first  take  a  gei 
view  of  the  nature  of  the  mineral  substances  which  c 
into  the  composition  of  the  crust  of  the  earth,  and  br 
notice  the  lawn  which  regulate  the  deposition  of  sedii 
tary  detritus  in  the  beds  of  rivers,  and  in  the  depths  od 
ocean* 

2.  Mineral  compositiok  op  eocks. — Every  subst 
is  composed  of  atoms  of  inconceivable  minuteness, 
together  by  a  principle  termed  attraction  or  cohesioUi 
which  is  probably  a  modification  of  that  infiuence,  wl 
as  it  exists  under  certain  conditions  in  inorganic  substtt 
is  called  electricity^  galvanism,  or  magnetism ;  an 
organized  beings,  nervous  influence.*  The  dilferent  1 
of  solidity,  fluidity,  and  vapour,  in  which  every  mat 
body  may  exist,  were  exemplified  in  a  former  lectnr^^ 
we  need  only  remarl^  that  of  the  substances,  which  ii 
pre&ent  state  of  chemical  knowledge  are  considered  si 
or  elementary,  about  aixteen  constitutCj  in  their  v* 
combinations,  by  far  the  largest  amount  of  all  orj 
and  inorgaoic  matter.  Of  these,  eight  are  non-meti 
vie*  oxygen^  h^drofjtn^  nitrogm^  carbon,  mlpkuTj  chla 
Jiuorine,  and  pkospliorus;  the  four  first  are  almost  al^ 
found  in  combination.  Oxygen  constitutes  one-lifth 
of  the  atmosphere,  and  eight-ninths  in  weight  of  w 
and  a  large  proportion  of  every  kind  of  rock,  -HydSr 
makes  up  the  remaimng  portion  of  vrater ;  and  Nitf\ 


•  See  a  inasterly  "  Eaaay  on  the  Correlation  of  Phyaicsal  Forwi 
W.  B.  Grove,  Eeq.  P.E.a     London,  1846. 
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Ir-:fiftli3  of  the  atmosphere*     Carbon  is  the  chief  con- 
nent  of  animal  and  vegetable  structures,  and  is  only  found 

m  the  diamond. 
There  are  also  six  metallic  bases  of  alkalies  and  earths  ; 
aelj,  xilicofif  which,  when  united  with  an  equivalent  of 
ygen,  forms  quartK,  or  iiintj  the  basis  of  nearly  half  the 
that  compose  the  crust  of  the  earth  ;  aluininunij 
tauiuTfty  mdiuirij  ma^mnufrif  and  calcium;  and  two,  the 
des  of  which  are  neither  cai^ths  nor  alkaliesj  nainelyj 

and  vmn^aneBe.      The  principal  remaining  metallic 
stances,  via.  c<^er^  kad,  mnCf  arsenic^  silvm',  gold^  &c 

comparatively  unimportant  in  a  geological  point  of 


be  sedimentary  rocks  are  in  a  great  measure  composed 

her  of  Hme,  si  lex,  or  argillaceous  earth ;  and  accordingly 

[  these  substances  predominate,  the  masf^es  possess^  wtiat 

imineralogical  language  is  called  a  cleavage,  or  peculiar 

tare,  which  is  distinct  in  each.     Thus,  if  I  take  this 

ce  of  flint  and  break  it  at  random,  it  presents  a  glassy 

mnchuidal  fracture,  and  every  fragment  has  a  sharp 

ting  edge  ;   and  subdivide  it  aa  I  may,  each  portion 

uns  the  same  character :   but  if  I  break  this  block  of 

kj  the  edge  is  not  sharp,  but  blunt  and  dull,  exhibiting 

Rt  is  termed  an  earthy  fracture.     Again,  if  I  shiver  to 

by  a  blow  of  a  hammer  this  calcareous  spar,  every 

dent  partakes,  more  or  less  distinctly,  of  a  rhomboidal 

I ;  so  true  is  the  remai'k,  that  we  cannot  break  a  stone 

t  in  nature's  joinings, 

fZ,  Cetstallization. — Crystallization  may  be  defined  a 

bodical  arrangement  of  the  particles  of  matter  according 

kfixed  laws.*   For  example — thci-e  ai-c  nearly  500  varieties 

The  definite  or  mathematical  propoTtioiis  In  which  substances 
lite,  both  a&  to  weight  and  volume,  is  a  subject  of  the  higheat 
Sliierefitj  hut  which  does  not  come  withm  the  scope  of  the  present 
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of  crystallized  carbonate  of  lime,  each  crystal  being  com- 
posed of  miUioBa  of  atoms  of  the  same  compound  subatancei, 
and  haviDg  one  invariable  primary  form — that  of  a  rhom- 
boid. Mechanical  division  is  incapable  of  altering  tiui ' 
arrangement ;  break  the  fragments  UB  we  may,  we  em 
only  separate  them  into  a  rhomboidal  figm^e  ;  nor  can  this 
condition  be  altered  except  by  chemical  decomposition*  If 
we  pnrsne  the  investigation  we  find  by  analyaiB^  that  every 
atom  of  these  crystals  consists  of  lime  and  carbonic  aa4 
each  of  which  is  made  up  of  innumerable  molecules.  "Lime 
and  carbonic  acid  are  also  themselves  compoundsj  lime  ocai* 
sisting  of  a  metal  called  calcium  and  oxygen ;  and  carbo&ift  j 
acid,  of  carbon  and  osiygeii.  Thus  these  ultimate  partklei  1 
of  calcium,  carbon,  and  oxygen,  form  the  indivisible  atoms 
into  which  all  the  secondary  crystals  of  lime  may  be 
reduced,"  * 

4.  Stratification, — Having  previously  shown  that  the 
disintegration  and  solution  of  the  most  refractory,  an! 
apparently  indestructible  substances,  may  take  place  froii 
the  conjoined  effects  of  mechanical  and  chemical  ogencyi 
we  proceed  to  the  consideration  of  the  manner  in  which 
the  debris  of  the  ancient  lands j  and  the  accumulations  in 
the  seas,  have  been  converted  into  the  rocks  and  strata  IJitt 
form  the  existing  islands  and  continents*  The  formation  of 
beach  and  sand,  and  the  deposition  of  mud  and  clay  in 
layers  or  strata,  and  the  subsequent  consolidation  of  these 
materials  into  rocks,  have  already  been  explained.  And 
here  let  me  remind  you,  that  strata  are  successive  laye 
detritus  spread  over  each  other  in  such  manner,  as  to  i 
of  the  partial  consolidation  of  one  bed,  before  the  de 
of  another  upon  it  ;  and  a  rock  is  said  to  be  itra^iA 
when  it  presents  the  appearance  of  such  divisions,  CtiJl 
cliffs,  and  sandstone  and  limestone  quarriesp  afford  iliu'* 
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tTitioiis  of  this  itructure*  The  original  direction  of  the^e 
layers  must  have  been  more  or  less  horizontal,  for  thig 
obvious  reason,  that  in  their  Huid  state  they  would  Bnd 
their  own  levels  and  spread  over  the  surface  of  the  basin 
Mq  which  thej  flowed  ;  and  although  they  might  partake 
■the  inequalities  of  the  depressions  in  whioh  they  were 
■^31  ted  J  yet  this  cause  would  not  affect  their  general 
distrihutitjn.  The  strata  when  accumnlated  in  very  thin 
layers,  resembling  the  seams  formed  by  the  leaves  o£  a 
d  book,  are  termed  lammm ;  a  character  that  com- 
[y  prevails  in  fluviatile  or  river  deposits :  thus  the 
clays,  and  sandstones,  of  Tilgate  Forest  are  lami- 
and  often  bear  the  impreas  of  the  waves  which  have 
ed  over  them  (see  p.  GO), 

contemporaneous  beda  formed  in  the  same  oceanic 
,  though  often  maintaining  a  general  character  over 
extensive  areas,  must  nevertheless  vary  considerably, 
At  the  present  moment,  the  livers  flowing  from  different 
ilkitndes  into  the  existing  seas,  must  necessarily  be  pro- 
lacing  in  the  same  marine  basin  accumulations  of  a  very 
Similar  character  ;  and  the  distribution  of  the  detritus, 
laust  be  greatly  modified  by  the  agency  of  those  powerful 
cuTreots,  to  which  allusion  has  already  been  made  (p.  70 J. 
These  elements  of  varmtion  in  the  deposits  that  may  be 
fflrmed  contemporaneously  within  the  same  ocean  bed, 
«r?e  to  explain  the  origin  of  similar  discrepancies  in  the 
contents  of  the  ancient  seas>  Thus  the  same  system,  or 
fonnation,  may  consist  of  strata  containing  exclusively 
hrine  shells^  corals,  fishes,  &c.  intercalated  with  layers 
fcJays  aud  sands^  abounding  in  lacustrine  sheUs,  and 
>tftutB,  and  the  remains  of  terrestrial  animals  and  vegetables: 
4g  former  being  strictly  gI  marine,  and  the  latter  oijiuvio- 
kiri«€  origin;  in  other  words,  consisting  of  deposits  brought 
Ita  the  sea  by  river  currents  loaded  with  the  detritus  of 
land. 
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The  oolitic  aystem  of  Yorkshire  affords  examples  of  th^e 
mltemations  of  marine  and  fluvio-marioe  strata^ 

5,  Displaced  strata. — ^But  though  the  aedimentary 
strata  have  origin  all  j  been  deposited  in  horizontal  layers, 
jet  this  arrangemeut  has  auhaequently  been  disturbed  by 
expaoBive  internal  forces,  which  have  occasioned  the  ele- 
vation of  some  areas  and  the  depression  of  others,  by  wkicb 
the  strata  have  been  broken  np,  and  thrown  into  every 
directionj  from  a  slight  degree  of  incUnatiotii  to  a  Ycrtical 
|K»B]tion. 

It  will  therefore  be  requisite  in  this  place  to  explwn 
a  few  scientific  terms  which  are  frequently  employed  to 
express  these  phenomena ;  for  tliongh  it  is  my  wish  to 
abstain  as  much  as  possible  from  technical  language,  it 
cannot  in  all  cases  bo  avoided  without  incurring  incon- 
venient eircumloeution.  Parallel  layers  or  strata,  placed 
horizontally  upon  each  other,  as  a,  &,  c,  d^  in  the  annexed 


HiiiiH 


a,  b,  c,  d,  KoTlioatt^  itimla  In  s  confoim^blfi  pOHjtion,  restUii  tmeonfoimabty  on 

tbe  inclined  itr&ta,  1,2,^,  4, 
]p  2i  3»  4p  Strata  in  an  Inclined  poeitlont  and  flever&d  and  dJspliftd  b?  a  fault,/. 


diagram  {Lign.  32),  are  said  to  he  confofmabh  ;  but  when 
strata  are  superimposed  on  others  wliich  lie  in  a  different 
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direction,  as  the  series  a,  b,  t*,  d^  on  the  bedB  I,  2,  3,  4, — 
as  if  a  set  of  horizontJil  volumea  were  placed  flat  on  the 
inclined  edges  of  another  series  of  books, — they  are  termed 
u  iiCQnformahle~ 

6,  Veins  and  faults. — ^Bet  the  strata  have  not  only 
s  offered  change  of  position,  they  have  also  been  rent  and 
broken,  and  are  traversed  by  cracks  or  fi satires,  which  iD 
some  instances  are  filled  with  boneSj  pebbles,  and  stalacti- 
tical  concretions  (p*  78),  and  in  others  with  mineral  mat- 
ter, and  veins  of  metaUiferoua  ores.  The  term  fault  ie 
applied  to  those  fractures  and  displacements  which  are 
accompanied  with  the  subsidence  of  one  part  of  a  masSj  and 
the  elevation  of  another.  This  is  exemplified  io  the  section 
of  the  carboniferous  strata  represented  in  lAgn.  32,  in 
which  the  layers,  or  seams  of  coal  (1,  2^  3,  4),  have  been 
sMIled  to  a  higher  level  on  the  left  hand,  though  both 
sides  of  the  rock  remain  in  apposition ;  f  marks  the  line 
of  fault*  Strata,  in  fact,  may  be  compared  with  tlie  layers 
of  masonry  in  a  building ;  beds  of  clay  representing  the 
mortar,  and  those  of  harder  rocks  the  courses  of  brick 
or  stone  i  while  the  fissures,  veins,  and  faults,  are  analogous 
to  the  cracks^  sinkings,  and  displacements,  produced  by 
the  settling  of  different  portions  of  the  edifice  after  its 
erection. 

7,  Chhonological  arrangement  of  the  strata, — In 
the  alluvial  beds  of  gravel,  sand,  and  marl,  containing  the 
remains  of  the  large  herbivorous  mammalia,  which  formed 
the  principal  subject  of  the  previous  discourse,  hut  few 
indications  of  regular  stratification  are  observable ;  the 
deposits  for  the  most  part  consisting  of  materials  that  have 
been  transported  by  rivers  or  currents,  or  drifted  by  iee- 
bei^s,  and  accumulated  in  estuaries  and  bays,  or  spread 
along  the  shallows  of  sea-coasts.  The  vast  series  of  ancient 
deposits  we  are  about  to  examine,   are  on   the   contrary 

[posed  of  regularly   stratified  rocks,   with   oecasional 
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interspersions  of  fluviatile  and  alluvial  dehns,  and  intru- 
sions of  volcanic  matter. 

It  is  necessary  to  premise,  that  there  are  three  ele- 
ments of  classification  applicable  to  stratified  toAb; 
namely,  1st,  their  mineral  stmctnre;  2dl7,  their  order  of 
saperposition ;  and  3d\j,  the  nature  of  the  organic  remains 
which  they  contain :  the  following  arrangement  is  in  ac- 
cordance with  these  principles.  The  terms  bj  which  tiie 
formations  and  their  subdivisions  are  deingnatedy  ezpiMS 
the  predominant  characters  by  whidi  ihey  are  cBstbi- 
guished. 

A  CHBONOLOGICAL  SYNOPSIS  OF  THE  PRINCIPAL 

BOCKS  AND  STRATA. 

{Commencing  vnth  the  uppermost  or  newest  d^fHmU,) 

;^OMtItferott«  J^trata. 

I.  The  Human  or  Modern  Epoch. — Alluvium  or 
Drift  ;  comprising  the  superficial  deposits  described  in  the 
previous  Lecture,  and  which  are  characterized  by  the 
remains  o£Man,  and  of  animals  and  plants,  contemporaneous 
with  the  human  race. 

Observations. — To  this  epoch  belong  those  superficial  accumulations 
of  alluvial  debris,  and  of  drifted  gravel,  sand,  boulders,  &c.,  of  rocks 
of  all  ages,  in  which,  with  shells,  and  bones  of  existing  species  of 
animals,  are  associated  those  of  the  Mammoth,  Irish  Elk,  and  other 
extirpated  genera;  together  with  the  remains  of  the  more  ancient 
extinct  mammalia,  that  occur  in  caverns  and  fissures  of  varioua  rocks. 
The  line  of  demarcation  between  the  most  ancient  beds  of  this  epoch, 
and  the  most  modem  of  the  following,  cannot  be  strictly  defined; 
and  the  separation  can  only  be  regarded  as  conventional.  In  Europe, 
the  elevation  of  the  Alps  appears  to  have  been  the  grand  physical 
event  which  marked  the  close  of  the  tertiary  period ;  for  in  all  deposits 
of  later  age,  existing  species  have  been  met  with. 

n.  The  Tertl^oiy  Epoch. — An  extensive  series  com- 
prising many  isolated  groups  of  marine,  fiuvio-marine,  and 
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Pq^pinne   depoeita,    cotitainlog  remains   of  animals   and 
'     Tf^etables  of  all  the  exiating  orders  and  families,  and  many 
genera  and  species ;  and  with  theae  are  associated  numer- 
ous extinct  species  and  genera  of  mBunmalia,  reptiles,  fiaheSj 
mollusks,  &c. 

O&icriMilMMM.^Tho  forcofttions  of  this  epoch  ara  assemblageft  of 
mariae,  fluvio-marmej  and  lacuatrine  &trat.a,  either  iBolated  or  alter- 
Dating,  and  occupying  extensive  but  defined  area&  These  beds  con- 
nifit  of  detrituH^  accumulated  during  long  pcrioda^  mbaysj  gulfs,  delta*, 
and  lakL*^!  and  in  tbe  depths  of  the  ocean,  Intmejona  of  lava  eurrente, 
Kflriffi^  and  other  volcanic  products^  occur  in  many  of  the  tertiaty  for- 
matloBs.  The  zoological  cjbaraeter  of  this  period  is  the  prevalence  of 
t€rt«strlal  mammalia^ 

IIL  Tde  Secondary  Epoch,  — An  immense  series 
of  marine  strata^  with  intercalation  a  of  fluvio- marine  de- 
fKoeits,  and  one  extensive  delta.  The  moet  striking  zoolo- 
gical characters  of  this  epoeh  are  the  almost  entire  ahsence 
of  warm-blooded  animals^  and  the  abundance  of  terrestrial 
and  aquatic  reptiles.  The  aggregate  thickness  of  the  strata 
is  man  J  thousand  feet.  The  following  are  the  principal 
subdivisions  of  the  formations  comprised  in  this  class. 

1.     THE    CKETACEOUS    (or    Cfiulk)    FORMATION. Marine 

strata,  with  but  few  in terspergions  of  terrestrial  or  flu viatile 
debris.  In  England,  the  white  limestonej  termed  Chalk, 
forms  the  upper  strata ;  marls  and  clays  the  medial ;  and 
clays,  sands,  and  sandstones,  the  lower  portion  of  the  series. 
The  strata  abound  in  the  remains  of  extinct  species  of 
Eoophytes,  mollusca,  ech  in  oderms,  fi  sh  es,  an  d  reptiles.  Drifted 
wood,  and  some  marine  plants  are^  with  but  few  exceptions^ 
the  only  vegetable  exuviip. 

O&sertjofitww!.— The  strata  comprehended  in  the  term  Cretoccoiif 
Forim^wtt,  though  differing  eeeentUUy  in  their  lithelogical  eoniiti- 
tiients,  m  far  corretipond  in  the  nature  uf  their  organic  remaina,  as  to 
pETove  that  the  whole  were  formed  under  the  $&me  gticeral  conditlonR  ; 
in  other  worde,  that  the  gea  and  landj  and  their  inhabitjiuis,  underweut 

)  ee^eatinl  c hangs  duiing  the  vast  peiiodfi  in  which  these  depositB  vere 
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ac<nimiilji.ied  ^  the  entire  ^ncs  therefoTG  conBtltntefi,  in  g^lo^cftl 
ItHj^uage,  bni  one  fonoAtioiL  WitH  but  ft  yqtj  few  exceptlonfi,  UQ 
veitlgei  of  exifiting  species  of  ftnimak  hava  been  d«tocled. 

2.  THE  WEAj^DEN  FORMATION,— A  aeries  of  fluvlatile 
deposits  of  great  thickness  and  extent,  witli  scarcely  any 
ioterpolations  whatever  of  marine  detntus*  TJie  litholo- 
gieal  characters  are-,  altemationa  of  clajs,  limes  tones,  sandi, 
and  sands tonea,  with  beds  of  freshwater  shells  and  crusta- 
ceans- The  peculiar  organic  features  are  the  abundance 
of  the  remains  of  enormous  land  and  aquatic  reptiles,  river 
shelb,  and  crustaceans ;  and  coniferous  trees,  cycadeou& 
plants,  ferns,  and  other  terrestrial  vegetables. 

0&*ercttrNm#, — TMb  remarkable  eeriOB  presents  the  most  tinequivocai 
eiample  of  an  ancient  delt%  or  asaemblago  of  flnviatile  deposits,  hitherto 
observed.  The  strata  exhibit  thronghout  the  character  of  H^ct 
detrituB,  that  Ims  been  oecuoiulated  in  a  vast  Inland  lake,  whldi 
received  the  drainage  of  an  extensive  country,  &Dd  had  hut  a  restricted 
communication  with  the  ocean.  The  Weal  den  extends  over  the  whole 
of  the  south-caatof  England,  and  a  great  part  of  the  north  of  Germanf- 

3,  THE  JUKASSIO    Or  OOLITIC  FORMATION. — A   fonODatioQ 

of  great  thickness  and  ertent,  consisting  of  several  groups  of 
marine  limestones  and  clays,  which  abound  in  extinct  marine 
shells,  coralsj  crinoidea,  crustaceans,  fishes,  and  reptileij 
with  intercalations  of  fluvio-marine  strata,  in  which  are  re- 
mains of  terrestrial  reptiles,  insects,  and  plants  i  and  of  two 
(genera  of  small  extinct  mammalia.  Layers  and  heds  of 
coal,  and  hgnite,  of  considerahle  extent,  occur  in  aome  parts 
of  the  system » 

4»  THE  LIAS* — Marine  clays,  shales,  and  limestones  full 
of  shells,  crinoidea,  crustaceans,  fishes,  and  extinct  reptiles  j 
with  duvio-marine  beds,  containing  lignite,  trunks  and 
leaves  of  coniferous  trees,  and  cycadeous  plants, 

Obaervati&ns.^-^hQ  OoUtc  and  Lias,  though  conveniently  diatin- 
guifihed  by  certain  species  of  shells,  &e.,  must  be  regarded  m  but  one 
natural  aeries  or  group  of  deposits,  formed  in  the  bed  of  an  ocean  of 
great  extent,  into  which  numerous  BtroBina  transported  the  dehrii  of 
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the  limdj  and  ite  iiiiabiteiita.  Tw'o  gcnem  of  marine  reptiles,  ItMky- 
o^xums  afl.d  Plesio^auru.'Sj  swarmed  in  tJie  Lmtislc  aad  Oolitie  oceao, 
aud  tbelr  remaina  al)ouzid  tbroiighout  the  sjBtem. 

5,  THE     TRIASSIC    (iV^e?U    Jfi?</)     FORMA TlOIi,^ — A    groUp 

of  T^ariegatedj  blue,  jellow,  and  red  marlsj  abounding  in 
gypsum  and  salt;  with  sandgtonesj  limestoneSj  and  coo- 
glomerateSj  for  tlie  most  part  coloured  red  by  peroxide  of 
iron.  Fossils  arc  not  abundant^  but  iome  peculiar  shells j 
corals^  ciinoidea,  reptiles,  and  coniferous  plants,  charac- 
terize the  serie^  which  is  of  marine  formation* 

Oha^Tvatiofis.-~^ThiB  group  la  the  grand  depo^t^iry  of  rock  aalt  in 
England.  In  Gksrmany  the  strata  form  a  triple  eedefi  (whcncfl  the  name 
Triassic)  of  variegated  marld^  lime&tonea,  and  eandAtonen,  wMeh  con^ 
tainfi  pectdiar  fossil  remains.  The  separation  of  theE^e  deposits  irom  the 
following  haa  been  made  in  consequenee  of  ecrtain  genera  and  fipa{;ie« 
of  animals,  which  abound  in  the  more  ancient  rot^ka,  being  entirely 
absout  in  the  Trias^ie^  and  all  the  suhaequent  formations ;  and  hIro 
from  some  genera,  eiipeciallj  of  Batrachian  and  other  reptilesi  appear- 
ing for  the  first  time  in  strata  of  thia  age,  The  Triaaaic  ia  therefor^j 
at  present,  regarded  as  the  lowermost  or  base  line,  of  the  fonnationfl 
comprised  in  the  secondary  epoch ;  the  ianmia  and  floras  of  the  older 
strata  being  entirely  distinct. 

lY,  The  Pai.^ozoic  Epoch,— Under  this  general 
term  are  comprised  all  the  ancient  fossiliferous  strata,  the 
organic  remains  of  which j  as  the  name  indicates,  belong 
almost  exclusively  to  species  or  genera  that  are  wanting  in 
all  the  newer  formations* 

6.  THE  PEEMIAN  ( 3fagnedan  LimesiojieJ  formation. — 
A  series  of  marine  strata,  consisting  of  limestones  charged 
with  a  large  proportion  of  magnesia,  red  marls,  conglome- 
rate^j  and  slates*  These  contain  peculiar  shells,  fishes,  and 
reptiles* 

Ofistfrpoiiofw.— This  group  of  deposits  was  formerly  named  the  Lower 
^eitJ  Medf  or  MagneMan  Lvmastone;  but,  as  either  of  thcHe  teniB 
li  ambignons,  that  of  Permian  (first  suggested  by  Sir  R.  Murehlaon, 
fiiom  the  large  development  of  the  aeries  in.  the  aneicnt  kingdom  of 
niA  in  Eusaia)  is   now  genemlly  adopted*     In  tki^i  group  are 
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iucl^ded  all  the  depoaita  that  in  terrene  between  the  Trlasciic  ^hov^ 
And  the  Carbomferoui  ByebemB  below;  ftbd  these  eoatAm  bat  ou^  t^pc 
of  animal  and  yegetable  life.  RemamB  of  reptilea  occnr^  uid  are  ibi 
mo&t  ancienty  or  earliest^  of  this  class  of  aEumaJa. 

7,   THE  CABB0NIFER0U8  FOKMATION, — SandstOneS,  gritl^ 

sliales,  clajBj  and  layers  of  ironatone,  alternating  witk 
beds  of  coal,  ioroi  tlie  upper  series  j — limestoiie  and  flag- 
atoue^  witli  layers  and  nodules  of  chert,  abounding  ifl 
mnjlne  sheila^  crinoidea,  and  corals j  constitute  the  lower 
division  of  this  extensive  group  of  deposits  ;  the  totil 
tMcknes3  of  which  is  many  thousand  feet.  The  coal  strata 
are  remarkable  ibr  the  abundance  and  peculiarity  ^f  the 
terrestrial  trees  and  plants,  of  which  they  are  almost  wboUj 
constituted  ;  remains  of  insects,  fishes,  and  crustaceans  of 
an  extinct  family  have  been  found  in  this  formation, 

Ohservatiotig. — These  strata,  so  intercRtiivg  to  the  botanifit  from 
the  riehneas  and  peculiarity  of  their  fossil  flora,  and  to  iiiatikiiid  ia 
general  for  tho  inexhaustible  supply  of  fuel  which  they  jield^  &pp€ar 
for  tho  most  part  to  have  been  deposited  in  lalt  water ;  for  the  beds  of 
eoal  are  geuenill j  associated  with  marine  sh^Ms,  corals,  &c. ;  and  ihtm 
are  only  a  few  local  mtercalatiouB  of  lajera  of  fresh  water  shells,  Tfefl 
flora  of  the  coal  is  the  most  Btriking  feature  of  this  system  of  depoiiU, 

8.    THE     DEVONIAK    (Old   Med)    FORMATION* — Au    U- 

semblage  of  qiiartzose  grita,  sandstones,  marl%  and  con- 
glomerates, largely  charged  with  peroxide  of  iron,  which 
imparts  to  the  whole  a  dnH  red  colour  ;  with  beds  d 
coralline  marble,  and  laminated  micaceous  sandstones; 
this  formation  was  forme rly^  from  its  colour,  denomlnaled 
the  Old  Red  sand^tane,  BheUs,  corals,  fishes,  crustacaui^ 
and  cephalopoda,  of  peculiar  species  and  genera,  are  tb» 
prevailing  and  characteristic  organic  remains^ 

ObservaUGne.^Th^  term  DeTonian,  whieh  has  been  Babititnted  for 
thai  of  Old  Bed  Sandstone,  as  being  more  precise,  is  derived  ffom 
the  geegraphical  deTelopmeot  of  this  group  of  rocks  in  DevonBhii^ 
England.  The  red  cougloinerates,  which  conBtitute  a  well  mjukd 
llthological  character,  co^isist  of  watcr-worn  fragmenlfi  of  glate  wiib 
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q^rU  pebbleij  comented  togetlier  hy  Ted  s&tid  and  marl,  and  hare 
eridently  resDlted  from  the  deatraeLidH  of  ancient  elate  rocks ;  they  are 
in  man  J  iiisLaneea  minced  up  with  rolcanit;  &3hes  and  icorioi^  Beaatiful 
coiaLliiie  niarbles  occur  in  Sooth  DeYon^hire^  ajid  In  some  tocnUtieK 
fiaboi  of  ^Tery  remarkable  confoimationj  belonging  to  genera  unknown 
m  %ny  other  BjBtem. 

9,  THE  siLUBiAK  POHMATION* — Marine  limeatones, 
sandstones,  shaies,  and  calcareous  :flag3toiiea^  abounding  ill 
shellfi,  cephalopoda,  coralB,  and  crustaceans,  (especially  of 
the  extinct  family  of  TriloHtes,)  of  peculiar  typeSj  constitute 
this  important  and  extensive  system  of  marine  deposits, 
A  few  trac£:s  of  f uci  are  tbe  only  known  vegetable  remains. 

Observations, — ^Thia  Bjatem  (wbioh  was  fint  eatabliabed  bj  Sir  IL 
Ifuitdiifloti)  is  entirely  of  uaarme  origin,  aad  many  beda  ajo 
^ggregstionfl  of  €omU;  shells^  &e.  cemented  together  hy  calcareoua 
tii&tter.  The  organic  rcmainB  are  numerouflj  imd  afford  charactcrij 
by  which  the  Kyutem  m  conveniently  gubdivided  into  two  groups ;  but 
i^tily  one  general  organic  type  prsTalk  throughout.  The  lowermost 
beds  contain  but  very  few  rossilfl^  and  injienaiblj  pass  into  aedimoutaify 
depo&itg,  in  which  no  traces  of  organic  ezist^ioe  haTe  yet  been 
iliaeovered, 

10.  THE  CUMBRIAN  (ScktstoseJ  FORMATTON- — A  largely 
developed  series  of  slate  roekSj  and  conglomerates^  several 
thousand  yards  in  thickness  ;  the  uppermost  beds  contain 
a  few  shells  and  corals,  which  are  not  dlBtingnishable 
from  Lower  Silurian  dpecieg, 

Ob§ervcdkms,—T]m  system  includes  all  the  eedunentary  depoBita 
between  the  lowemioat  of  tho  Silurian  and  the  uppermost  of  the 
ftzicietit  metamorpbi  c  rocks.  It  has  haen  nam  ed  by  Pro  feasor  Sedgwick 
CamManf  and  Ou7fd>rianf  from  the  large  development  of  the  Btrala  in 
Wftltti  Mod  Cumberland.  But  us  no  asisemhlage  of  organic  remains 
specifically  distinct  from  the  foaatls  of  the  Silurian  haa  been  detected, 
a  zoological  line  of  separation  cannot  at  present  be  drawn  between  the 
lower  Silurian  and  the  Cambrian  deposits.  Until  characteristic  fossils 
he  met  with,  the  group^  therefore,  m  a  diatinet  ajstem,  reata  on  the 
geelegical  position  aud  lithological  charactera  of  the  strata  bo  largely 
developed  in  Cumberland.  Future  researches  will,  in  all  probability, 
lead  to  the  discovery  of  peenliar  organisms,  more  ancient  than  the 
Sitnriati  type& 
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1.  METAMORrnto  ;  or  Hlratiflod  crjstallin©  rocks*  I 
O^«((TtJ«ii0tw.— These  meka  are  praHiimod  to  bo  i©dimeiiti.fy  de^%  1 

that  huvo  bocu  moUmorpljoMud  or  cluui^&tt  in  miaoral  itructUfQ  Ete  I 
long  c3£poiiiiro  tQ  a  higl)  tompuratuni  undor  groat  prowura;  bf  wliidt 
iU^ir  uaniitiLuont  i(ulmt4LnecR  havo  piuNod  Into  now  cambiiutioEiiii  lAi 
all  triiccti  of  any  orgtmiu  romidtiH  tUuy  may  hare  coittulit^  esituiill'  ' 
ohlltcirakd.  TtiC  oamo  //^/joycnr,  or  nt^tfier-/tr)^}n:d  rocki^  (laggieiUrf 
by  Mn  Lyull/}  refold  to  tbo  coiidllion  imdor  which  thuwfi  Tock»  m 
BuppoA&d  to  luLTo  originated.  Tiiey  aru  Mul^divid^d  into  two  groupir 

L  Mica^schist  systam;    comprifsing  mica-slate,   quarti 
rock,  hornblentk-Bchiat^  and  cryt^talHue  Hmeiitone^ 

2,  GneiiB  Moslem ;  layers  of  gneiaa,  tjuartz  i-ockj  sycoiitt, 

&c,,  alternating  with  elay-alat<s,  aud  inica-^^iiisU 

Ob»ffrpatiom. — The  mim-scM^t  in  a  slaty  rock»  tiomptiMtl  of  jniet 
and  quartK,  and  often  pobi^oh  iaiorndbly  l&to  dj^^lat^,  Oimti  li 
fonnoit  of  mioui  c[uarts^  and  feUparr  hm  ft  luaUlAlod  ■tracttm,  ivl 
often  oeetiTfl  in  diatin^t  layorsi  or  itrata. 

IL  Plutonio  ;  or  amorphoua  cryatidline  rocka, 

Granitic  Si/sleifi ;   comprising   Oramtet   Purph^r^^ 
ami  certain  Trap  rcKiks- 

Ofirterwi^ifl^w,— The  woU  known  rock^  tonnoii  granite,  whlcli*  lik« 
gneiHN,  Ih  euDipOH^d  of  luieaj  ipiartst,  and  felnpar,  in  not  ntmiiiidti  <3r 
dinpo^^ed  in  luytjtiH,  hut  occure  either  In  mnorpliouti  ma»KC}i  pmtniil*J 
thrpuffh  nowor  roekn,  or  Lti  liikoi  and  voinn,  wbleh  crftea  tnifcwi 
Mtnitii  of  an  ttj?0H.  The  trapi^j  porpliyrioH,  &e„  ineliided  In  ihU  *jil<«B« 
have  llio  cliaraeier  of  mineral  maH^Qs,  which  have  boQn  ivadaiid 
erystttnino  by  intonno  fusion,  under  great  pressure,  in  the  dopthi  «( ti# 
earth. 

L  2Vap,  BamlU   Tuff,    Touihtom,   and    OlmAmn,  or 
^kuy  ^i?a ; — products  t^rupted  from  uncii^nt  volcanoes. 

•  Prom  I'wut  HHitfTf  wnd  Yi^^u/Aiu,  t»  Itp  hum  i  ima  **  Klcimonti  of  Qtelof^/'  p.l*. 
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Xat?a,   Scorim^  Pumice^   Ashes^  &c. :— products   of 
modern  dormant  and  active  sub-aerial  Yoleanoes. 

Observatiofia, — In  this  cla'^a  are  placed  the  mineml  productioES  of 
fiic,  or  subterranean  heat,  ej  tested  from  beneath  the  euriuce,  through 
figfinrea  er  rents^  whether  in  ancient  at  modern  time».  Thei^e  tgneons 
niaterials  are  of  all  ages ;  they  traverse  a.Uke  tiw3  hjpogene  rocks,  and 
the  Bedimcntaiy  Btrata^  as  well  a3  the  mo^t  recent  depoeits. 


^ 


Ll<rK,  32.^*— DiAGlRAk  OV  71£E  ft£LlTIVE  I'OSITIOir  Of  THSI  mOCKS 
AND  StKAIfA.  IN  KNQLANfi. 

,  Tertiuy  ctrota.    2.  Be^ndary.     3.  FalAosolc.    4.  Older  FaJaoEolG. 
5.  Merftmorpliii;  Todk^.    6.  Flatoaic  (granitic)  iwks. 


8.  Geology  of  ENGLAim. — ^By  an  inspection  of  the 
Geological  Map  of  England,  Plate  X,  it  will  b^  seen  that 
the  principal  formations  successively  appear  on  the  eurfacej 
somewhat  in  their  true  chronological  order  {Lign.  32*)^  as  we 
pfliss  from  the  eastern  or  south-eastern  part  of  the  Island  to 
the  west  or  north- west ;  as,  for  example,  from  the  coa^t  of 
Suffolk  to  Cardigan  Bay,  or  from  London  to  Liverpool. 
Thus,  the  Tertiary  deposits  are  spread  along  the  eaatern 
and  aoutk-eastern  m  art  time  districts  \  and  in  proceeding  in 
a  north-westerly  direetign,  we  auceessivelj  travel  over  the 
Cretaceous,  Oolitic,  Triassic,  Carhoniferous,  Devonian, 
Silurian,  and  Cambrian  systems ;  and,  lastly,  metamorphic 
and  primary  rocks  appeai\ 

This  distiibution  of  the  strata  has  imparted  a  peculiar 
character  to  the  physical  geography  of  Eiigland.  Tlie 
Alpine  or  mountainous  districts,  whicJi  extend  north  and 
south  along  the  western  portion  of  England  and  Wales, 
from  Cornwall  to  Cumberland,  are  formed  by  the  elevated 
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masses  of  the  metamorphic,  Cambrian,  and  (dorian  rodu. 
These  are  succeeded  by  a  band  of  the  carboniferous  and 
triassic  strata,  with  a  few  intrusions  of  metamorphic  and 
plutonic  rocks,  that  stretches  from  the  coast  of  Devondure, 
through  the  midland  counties  by  Leicestershire  and  Derby- 
shire, to  Newcastle.  On  the  south-east  of  this  tract  Ihe 
oolitic  and  cretaceous  formations,  chiefly  made 'up  of  argil- 
laceous and  calcareous  deposits,  constitute  a  diversified 
agricultural  district,  which  extends  from  the  southern 
shores  of  Dorset  and  Hants,  to  the  coast  of  Yorkshire.  The 
Wealden  is  exposed  in  the  area  between  the  ranges  of  the 
north  and  south  downs  of  Kent  and  Sussex.  The  Ter- 
tiary overlie  the  uppermost  secondary  strata ;  they  occupy 
the  eastern  and  south-eastern  maritime  districts,  and  form 
the  area  on  which  stands  the  metropolis  of  England  ;  they 
are  covered  in  many  places  by  the  drift  and  alluvial 
debris,  which  contain  mammalian  remains. 

After  this  comprehensive  view  of  the  leading  characters 
of  the  principal  rocks  and  strata  of  which  the  present 
islands  and  continents  are  composed,  we  proceed  to  a  more 
particular  examination  of  the  several  formations  in. their 
natural  sequence,  or  order  of  superposition. 

9.  Drift  and  alluvium  of  the  modern  epoch.— 
When  explaining,  in  the  previous  Lecture,  the  circum- 
stances under  which  the  remains  of  terrestrial  quadrupeds 
occur  in  the  superficial  deposits,  the  nature  and  origin  of 
those  beds  were  briefly  described.  It  is  necessary,  in  this 
place,  to  offer  a  few  remarks  on  the  phenomena  presented 
by  the  drift  and  other  alluvial  accumulations  of  the 
modern  epoch. 

The  drift  and  alluvium  consist  of  beds  of  loam,  sand,  and 
gravel,  variously  distributed;  being,  in  some  instances,  spread 
over  extensive  areas;  in  others,  forming  mounds,  ridges, 
and  hills  of  low  elevation ;  in  others  cresting  the  summits 
<tf  aihnipt  and  lofty  escarpments :  sometimes  radiating,  a«  it 
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were,  in  broad  streams  from  mountain  chains;  in  others 
constitating  a-  series  of  terraces  and  platforms^  as  if  ori- 
ginating in  gradual  and  successive  elevations  of  a  sea-coast. 
The  composition  of  these  deposits  is  as  various  as  their 
Qrigin.  They  are  generally  made  up  of  the  detritus  of  rocks 
of  all  ages,  promiscuously  intermingled,  and  varying  in 
lithological  composition  from  fine  earth  and  sand,  gravel, 
and  pebbles,  to  large  boulders,  and  rocks  many  tons  in 
weight.  They  sometimes  consist  of  the  debris  of  the  strata 
of  the  adjacent  country,  but  more  frequently  of  rocks  that 
are  situated  in  very  remote  regions. 

It  will  be  apparent  to  the  intelligent  reader,  that  depo- 
sits varying  so  much  in  mineral  characters  and  structure, 
must  belong  to  very  different  epochs,  and  have  been 
accumulated  under  very  dissimilar  conditions.  Some  are 
unquestionably  ancient  shingles  or  sea-beaches  {see  p.  1 13) : 
others  are  sheets  of  detritus  that  have  been  formed  along 
shallow  coast-lines,  or  on  the  borders  of  rivers,  lakes,  deltas, 
and  estuaries:  others  consist  of  ridges  and  mounds  of 
debris  heaped  up  by  sudden  deluges,  or  powerful  floods 
that  have  swept  over  low  tracts  of  country,  or  by  subaqueous 
currents,  or  waves  of  translation  :  and  others  have  been 
produced  by  the  agency  of  frozen  water,  either  as  floating 
icebergs,  or  as  glaciers.  By  the  nature  and  state  of  the 
sihells,  bones,  and  other  organic  remains,  when  present,  and 
of  the  gravel,  pebbles,  boulders,  &c.  of  which  the  accumu- 
lation of  drift  or  alluvium  may  consist,  the  origin  of  the 
materials,  and  the  age  and  character  of  the  deposit,  may  be 
more  or  less  satisfactorily  determined.* 

•  10.  Erratic  Boulders. — But  there  is  another  class  of 
phenomena  which  must  not  be  passed  over  without  com- 
ment.  In  many  countries  rounded  and  angular  boulders  of 

»  Mr.  Lyell's  "Principles  of  Geology"  should  be  consulted  for  a  full 
ezpoeition  of  this  subject. 
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great  size  are  very  abandant,  either  imbedded  in  the  aUn- 
vial  sands  and  gravel,  or  spread  over  them.  Vast  area% 
literally  covered  with  boulders,  occur  in  many  parts  of 
Europe  ;  enormous  masses  of  stone  lying  ezpcKsed  on  the 
surface  of  the  ground,  as  bare  as  when  left  by  the  retiring 
waters,  and  appearing  i 


"  Huge  rocks  and  mottnds  confusedly  hurl'd, 
The  fragments  of  an  earlier  world." 

Many  of  these  boulders  are  of  such  magnitude,  as  more 
properly  to  be  termed  rocks  ;  being  from  twenty  to  forty 
feet  high,  and  weighing  many  hundred  tons.* 

Connected  with  the  boulders,  and  beds  of  drifted  gravel 
and  other  coarse  detritus,  is  the  occurrence  of  deep  grooves, 
furrows,  strise,  and  scratches,  on  the  upper  surface  of  many 
rocks,  and  on  the  sides  of  such  as  flank  narrow  gorges  and 
valleys,  or  form  the  slopes  of  hills  and  other  inclined  planes ; 
appearances  manifestly  resulting  from  the  passage  of  peb- 
bles, grit,  boulders,  and  angular  fragments  of  hard  stone, 
over  exposed  surfaces  of  rocks  and  strata;  in  some  instances 
by  the  action  of  currents  and  floods,  in  others  by  glaciers 
and  floating  ice.  In  some  countries  the  boulders  are  not  far 
distant  from  their  parent  rocks,  and  their  course  and  origin 
may  be  readily  traced ;  but  throughout  a  great  part  of 
Europe,  Asia,  and  America,  these  waterworn  masses 
must  have  been  derived  from  very  remote  regions  ;  and 
they  are  distributed  in  such  manner,  as  to  show  that 
their    transport   could  not  have  taken  place  under  the 

*  There  is  a  lai^ge  boulder  in  the  plain  near  Mount  Sinai,  whidi 
monkish  legends  identify  with  the  rock  of  Horeb,  whence  Moses,  by  a 
stroke  of  his  rod,  miraculously  raised  a  stream  of  water  for  the  parchhig 
Israelites.  It  is  a  block  of  granite,  nearly  twenty  feet  square,  which 
has  probably  been  derived  from  the  neighbouring  mountain. — 
Mr.  Greenough's  '*  Critical  Examination  of  the  First  Principles  qf 
Geology  :**  a  work  abounding  in  facts  and  comments  of  the  highest 
interest. 
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exiijting  geographical  distribution  of  the  land  and  watef, 
bat  must  have  been  effected  when  the  present  dry  land  was 
beneath  the  sea,  and  subaqueous  currents  and  icebergs  were 
in  active  operation.  By  the  former,  the  accumulations  of 
sandy  mud,  and  gravel  may  have  been  deposited ;  and  by 
the  latter,  the  blocks,  however  large,  may  have  been  de- 
tached  and  transported  from  their  parent  rocks  to  the  distant 
regions  they  now  occupy.*  The  general  course  of  the  drift 
and  erratic  boulders  in  the  northern  parts  of  Europe  and 
America,  appears  to  have  been  from  the  north  and  north- 
west towards  the  south-east ;  as  if  the  materials  had  been 
brought  by  polar  currents  from  the  northern  to  the  southern 
regions ;  hence  the  term  "  northern  drift "  is  often  em- 
ployed to  designate  the  alluvium  and  boulders  which  belong 
to  this  category. 

Over  vast  regions  of  the  north  of  Europe,  in  Poland, 
Bussia^  &c.  erratic  boulders,  chiefly  of  crystalline  and  palse- 
osBoic  rocks,  are  profusely  scattered  over  the  beds  of  alluvial 
debris,  and  upon  the  exposed  surfaces  of  the  older  strata. 
In  Sweden,  these  phenomena  are  strikingly  displayed.  The 
transported  blocks  occur  in  clusters,  on  mounds  and  ridges 
of  sandy  loam  termed  osar,  sometimes  at  a  height  of  from 
200  to  300  feet  above  the  adjacent  plains.  The  origin  of 
these  widely  spread  erratic  boulders  is  the  granitic  and 
palasozoic  rocks  of  Scandinavia.  The  recent  travels  and 
investigations  of  Sir  B.  Murchison  have  afforded  a  satisfac- 
t<Mry  solution  of  this  problem.  It  appears  that  at  a  very 
remote  period,  the  granitic  rocks  of  Scandinavia  were  up- 
heaved, and  their  pinnacles  split  and  shattered  to  pieces,  by 
the  expansive  effect  of  ice ;  and  the  fragments  and  detritus 
that  were  carried  into  the  sea  by  the  action  of  glaciers  and 

*  The  power  of  icebergs  in  transporting  blocks  and  immense  quan- 
tities of  earthy  materials,  is  graphically  elucidated  in  Mr.  LyelVs 
Principles  of  Geology,  and  Sir  B.  Murchison's  Silurian  System ;  see 
also  several  memoirs  in  the  American  Journal  of  Science. 
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tgrrcntu-,  were  urgad  on  hy  HubaqufiiruK  curr^nt^^  and  li 
mi»Mo§  tmnj*part(^d  hy  iee-fkH',iH  (hiring  t\w  summer 
uiid  {]b|jomlU<iI  0(1  tlih  koii  liottojn  humlrrjdH  of  tnilni  tO 
wnulliwiirtL  TIk'n*?  fiuhrrinririo  <li^|HfHitHj  i-ov civil  Ihth  and 
thero  by  ciTatle  UiiuldurH  iln(j({H!U  by  Uiti  im^Und  it^ttberga, 
V(*rc  t*ubwe*[ijtiiitly  (ilovatcd  above  this  wattin*,  and  nowcuii* 
Mtitutctby  vuHt  (liiiijjH  of  Ruhmml  mid  oIIht  jmrf.!*  of  norlliera 
Kuri>(>C!  I  tbe  tnuif*j>oi'tc'(l  librnkn  rruinining  nt>>  dnniblo  mwnu* 
nif!jitN<»rib<;  pb^rHJualckiingc^M  which  converU^d Uio  ucaan-M 
Uitfj  dry  huid.* 

I  rt  i»;  tig  bind  then!!  iirt^  no  trttCtN  (jovcred  by  bowlder*  of 
Hiidi  inugiikiMh!)  i\H  to  be  comjinriihln  with  Uu;  IrmtnncQi 
abtrvi*  inbhioiHl  :  butthu  MaitK^jdii^nortH'iiu  nr*'.  oUHvjyMnaffi 
a  .11  ill  r  mnilii,  in  vtiriunM  th«tri(!tii«  liouldcri  of  lli 
f^riDiUr,*  parpliyrioM,  wyLTiilew,  and  »liity  rocki  of  tlit 
(JtimlMtrljiud  iiujuntiiiiiWi  urn  dif4tJt^ri*ed  northward  towanl* 
CiiTliK*b%  mnitlrwanj  towmilM  tiu^  bjiy  *if  M(»r<*rtmdi(\  uni 
nuNtwimi  In  Ihn  lout  ni'  tlic?  Pi^utdnn  ohiiUK  Tliry  iiinjr  U 
trm^i'd  from  LiimMiKtr^r  **ut  iaU^rviil*  thi'(ni|^ii  titrr  rtjnipnri- 
tivdy  hiw  ciiuntry  ut'  I'roston  and  Mandicacr,  i)'i^ 
betwcH-n  tbfi  «tia  and  thn  Yarkhiiin!  iind  DurbyMhlru  \\\\h^ 
liifi  vallc^y  of  ilni  'IVrtit,  tlin  jdainwof  UiH/Hbimnnd  Stiitrunl- 
wbtif*,  and  tlit^  vuh  id*  ibu  Si^vcni,  wlir/n?  ihvy  iwmr  nt 
fionaidri-abld  nmf(nitndi\"t  'J'lir  quarts  nwkn  of  tbr  Licbf 
HiIIm^  bt'lwct'n  iiinivirigburn  nnrl  Jirnmngnive,  in  WoreenUs^ 
f^jiire,  1 1  live  yidded  in>ni(iiJH«j  hvih  of  [Kd>blf*»,  which  ir* 
t]iJi-l;l)r  J^prend  to  tbia  jtoulb  and  rant,  and  ii\i*n  tiilo  # 
valbiyrt  of  tho  Uvoitlodcif  ClH^rw<dl»  and  'rhiinirw,  mid  im 
Ibe  gorge  oCthe  ahalk  downs  as  i^ir  m  Heading*! 

•  B<so  ''  OooJnffj  of  UiiMuld,"  r«r  n  full  eonildoratioti  of  Ihn  *'  Smi¥ii' 
navinn  Drift,*'  >^'d  i\m  jih^numetia  qannool^d  ihoruwUtu 
j-  rrcifiinHor  Jidia  I^hlUipM'ii  **  Tnnkilm  of  Geology," 
t  Hm  *'  A  rJow^rljitlim  ul'  llio  giiartx  Itork  of  tho  Lfokc?  mil  *« 
WortujntorHhifi),  mid  of  LUti  ilniiu  imuMMliMiolj  Miirrunniiinjf  tL  fby  ii» 
Hoy.  J)r.  lbii!kliuia,^f/f.f//.  TttfttM.  vol  v,  r*  SOU,     Thin  U  a  i 
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In  some  of  the  examples  quoted,  the  surface  of  the 
country  is  not  unfavourable  to  the  passage  of  such  materials 
as  compose  the  drift,  if  urged  on  by  floods  or  sudden  rushes 
of  water  ;  and  if  it  be  assumed  that  the  Cumberland  moun- 
tains were  of  sufficient  altitude,  during  the  boulder  period, 
to  accumulate  glaciers,  the  torrents  produced  by  the  melting 
of  the  ice  in  the  summer  seasons,  would  account  for  some  of 
these  beds  of  transport.  But  in  many  instances  the  physical 
configuration  of  the  surface  forbids  this  interpretation  ;  and 
the  subaqueous  condition  of  the  country,  and  the  action  of 
currents,  waves  of  translation,  and  ice-flges,  offer  the  most 
satisfactory  explanation  of  the  phenomena,* 

11.  The  Tertiary  Formations. — We  now  enter  upon 
the  consideration  of  the  Tertiary  Formations,  —  those 
ancient  deposits  of  seas,  rivers,  and  lakes,  which  belong 
to  the  period  immediately  antecedent  to  that  which  is 
marked  by  the  prevalence  of  existing  species  of  quadru- 
peds, and  of  extinct  elephantine  forms,  as  the  Mammoth, 
Mastodon,  &c.  and  subsequent  to  the  deposition  of  the 
uppermost  secondary  formation,  the  Chalk, 

The  discoveries  of  MM.  Cuvier  and  Brongniart,  about 
thirty  years  since,  in  the  immediate  vicinity  of  Paris,  first 

review  of  some  of  the  principal  examples  of  drift  in  that  part  of 
England.  The  young  geologist  in  penising  this  memoir  must,  how- 
eyer,  bear  in  mind,  that  the  &cts  so  graphically  described,  do  not  afford 
any  evidence  of  a  recent  universal  deluge ;  a  hypothesis  maintained 
by  the  most  eminent  geologists  of  that  period  (1821). 

*  Our  limits  will  not  admit  of  any  further  notice  of  the  erratic  blocks 
of  England ;  but  it  may  interest  the  reader  to  know  that  there  is  a 
very  instructive  example  of  a  ridge  of  drift,  probably  deposited  by  an 
ice-floe,  in  the  immediate  vicinity  of  London,  namely,  Muswell  Hill, 
beyond  Highgate ;  which  is  capped  with  an  alluvial  bed  of  pebbles, 
boulders,  and  fossils  of  rocks  of  all  ages,  from  the  chalk  to  below  the 
carboniferous  limestone  inclusive.  The  collections  of  Mr.  Wetherell 
and  Mr.  Toulmin  Smith,  of  Highgate,  contain  characteristic  fossils  of 
the  oolite,  lias,  mountain  limestone,  &c.,  with  blocks  and  pebbles  of 
granite,  gneiss,  and  other  primaiy  rocks,  all  obtained  from  Muswell  HilL 
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directed  attention  to  the  important  series  of  strata  now  dis- 
tinguished by  the  name  of  Tertiary  {see  p.  201).  The 
fossil  extinct  pachyderms,  whose  bones  abound  in  the 
gypsum  quarries  of  Montmartre,  were  by  the  genius  of 
Cuvier  recalled,  as  it  were,  into  existence,  and  llie  philo- 
sophers of  Europe  saw  with  astonishment,  whole  tribes  of 
unknown  and  extraordinary  types  of  being,  disinterred 
from  rocks  and  mountains,  which  had  previously  been 
considered  as  destitute  of  scientific  interest.  Analogous 
strata,  some  of  a  marine,  and  others  of  a  lacustrine  and 
fluviatile  character,  were  soon  found  to  be  spread  over 
many  parts  of  the  continents  of  Europe  and  America; 
forming  a  series  so  extensive,  and  requiring  such  a  lapse 
of  time  for  its  production,  that  the  Chalk,  hitherto  regarded 
as  comparatively  of  modern  origin,  is  carried  back  to  a 
period  incalculably  remote.  The  tertiary  system  maybe 
said  to  constitute  a  series  of  strata  which  unites  the 
present  organic  kingdoms  with  the  past ;  for  while  the  most 
ancient  contain  species  related  to  forms  that  occur  in  the 
secondary  formations,  the  most  recent  insensibly  glide  into 
the  modern  deposits,  and  abound  in  fossil  remains  of  recent 
species  of  animals  and  plants,  associated  with  many  that 
are  not  now  known  to  exist. 

Mr.  Lyell  has  adopted  a  classification  of  the  tertiary 
strata,  founded  on  the  relative  proportion  of  recent  and 
extinct  species  of  animals,  which  any  given  series  of  beds 
may  contain ;  and  as  shells  occur  in  most  of  the  strata  in 
great  abundance,  and  in  good  preservation,  he  has  selected 
these  types  of  animal  organization,  as  the  distinctive  charac- 
ters of  the  principal  subdivisions.  Though  in  the  present 
state  of  our  knowledge  this  method  is  of  great  utility,  it 
will  probably  require  considerable  modification ;  and,  per- 
haps, must  hereafter  be  altogether  abandoned;  for  it  cannot 
be  doubted,  that  strata  in  which  no  recent  species  have  yet 
been  founds  may  yield  them  to  more  diligent  and  extended 
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researches ;  and  the  relative  proportions  of  recent  and 
extinct  organisms^  may  be  found  to  occur  in  a  verj  different' 
ratio,  from  that  which  is  assumed  as  the  basis  of  this 
arrangement.* 

12.  Classification  op  the  tertiary. — ^According  to 
this  system  the  tertiary  strata  form  three  principal  groups, 
each  characterized  by  the  relative  proportion  of  the  recent 
and  extinct  species  of  shells ;  and  a  nomenclature  has  been 

*  This  anticipation  is  already  in  some  measure  confirmed;  for 
existing  species  have  been  found  in  the  most  ancient  tertiary  de< 
poeitB :  and  several  secondary  shells,  fishes,  &c.  in  tertiary  strata, 
and  even  living  in  the  present  seas.  An  eminent  Italian  naturalist 
(Dr.  A.  Philippi),  in  an  elaborate  review  of  the  moUusca  of  the  South 
of  Italy  in  reference  to  the  shells  of  the  tertiary  period,  has  come  to 
the  following  conclusion :— ''  That  the  tertiary  formations  of  Southern 
"  Italy  will  not  admit  of  any  chronological  subdivisions,  for  we  cannot 
"  trace  the  limits  which  separate  the  tertiary  from  the  diluvial,  nor 
**  the  diluvial  from  the  existing  period ;  neither  can  we  make  use  of 
"  the  terms  eocene,  miocene,  and  pliocene,  with  reference  to  the  South 
"  Italian  deposits,  so  far  as  these  expressions  refer  to  a  per  centage  of 
"  extinct  to  existing  species ;  and  we  would  suggest  that  such  terms 
"  are  also  uncertain  and  arbitrary  with  regard  to  other  districts." — 
Philippi:  Proceed.  Geol.  Soc.  Feb.  1846. 

Immediately  after  the  last  tertiary  deposits,  the  modem  period 
begins,  when  all  the  now  European  species  first  appear :  the  cavern 
animals  and  some  of  the  large  pachyderms,  are  referable  to  the  earliest 
age  of  this  era.  Inundations,  more  or  less  local,  occasioned  by  the 
elevation  of  some  tracts  of  dry  land,  and  the  subsidence  and  submer- 
gence of  others,  filled  up  the  caverns  and  destroyed  the  races  of  car- 
nivora. 

In  the  diluvial  gravel  in  the  Canton  of  Qeneva,  there  have  been  found 
bones  of  many  species  of  animals  which  still  inhabit  tbe  surrounding 
cotmtry;  as  for  example,  the  mole,  fox,  sheep,  ox,  pig,  rat,  mouse, 
green  frog,  lizard,  &c.  These  remains  occur  beneath  distinctly  strati- 
fied beds  of  gravel,  at  a  depth  of  ten  feet  below  the  cultivated  soil. 
These  animals  must  therefore  have  been  indigenous  to  this  part  of 
Europe,  when  the  deposition  of  the  diluvium  was  going  on,  and  prove 
the  continuance  of  species  uninfluenced  by  those  geological  changes 
which  occadoned  the  last  elevation  of  the  land. — M.  Pictet  on  the 
DUuvial  DepoaiU  of  the  Canton  of  Geneva. 
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adopted  expressive  of  the  characters  upon  which  the  classi- 
fication is  founded.     These  divisions  are  as  follow:—- 

1.  The  Pliocene  {signifying  more  new  or  recent), — Tertiaiy  strftU; 

in  which  the  shells  are  for  the  most  part  recent;  containing 
about  ten  per  cent,  of  extinct  species ;  these  beds  are  subdivided 
into  the  newer  and  older  pliocene. 

2.  The  Miocene  {denoting  less  recent)  i— containing  a  small  pro- 

portion, about  twenty  per  cent,  of  recent  species  of  shells. 

3.  Eocene  {signifying  the  daivn  of  recent,  in  allusion  to  the  first 

appearance  of  recent  species) :  —  containing  very  few  recent 
species ;  not  more  than  three  or  four  per  cent. 

The  marine  are  in  many  instances  associated  with  fresh- 
water deposits,  and  the  general  characters  of  the  system 
are  alternations  of  marine  with  lacustrine  strata.  The 
districts  occupied  bj  these  beds  in  Europe,  are  exceedingly 
variable  in  extent,  as  Mr.  Lyell  has  shown  in  a  very  in- 
genious map  of  the  tertiary  seas  ;*  and  it  appears  certain, 
that  during  the  tertiary  epoch,  there  were  large  areas 
alternately  the  sites  of  freshwater  lakes  and  inland  seas, 
and  that  these  transitions  were  dependent  on  oscillations  in 
the  relative  level  of  the  land  and  water. 

13.  Fossil  shells. — The  geological  evidence  afforded 
by  fossil  remains  has  already  been  exemplified ;  but  our 
remarks  have  hitherto  in  a  great  measure  been  restricted 
to  the  relics  of  terrestrial  quadrupeds.  The  shells  of  mol- 
lusca,  however,  from  their  durability,  often  escape  oblitera- 
tion under  circumstances  in  which  all  traces  of  the  higher 
orders  of  animals  are  lost,  and  they  become,  therefore, 
of  the  utmost  importance  in  the  speculations  of  the  geo- 
logist. In  loose  sandy  strata,  they  often  occur  in  a  high 
degree  of  perfection  ;  in  mud  and  clay,  in  a  fragile  state  ; 
in  some  instances  they  are  silicified  ;  and  many  limestones 
are  wholly  composed  of  shells,  cemented  together  by  calca- 

*  Principles  of  Geology,  vol.  i.  p.  214. 
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Teous  spar.   Molluscous  animals*  are  divided  into  mollusca^ 
properly  so  called,  which  are  covered  with  a  single  shell, 
as  snails,  periwinkles,  &c. ;  and  concAi/^a,t  having  a  shell 
with  two  valves,  as  oysters,  scallops,  &c.     The  former  are 
of  a  higher  organization  than  the  latter,  having  eyes,  and  a 
distinct  nervous  system ;  the  latter  have  neither  eyes  nor 
head,  and  are  therefore  called  acephala.X     Some  genera  are 
herbivorous,  living  exclusively  on  vegetables  ;  others  are 
carnivorous  ;    and  many  have  a  retractile  proboscis,  fur- 
nished with  a  rasp,  by  which  they  can  perforate  wood, 
shells,  stone,  and  other  substances.   The  shells  of  the  carni- 
vorous testacea  are  also  generally  provided  with  a  channelled 
or  grooved  beak,  for  the  reception  of  the  fleshy  syphon  by 
which  the  sea  water  is  conveyed  to  the  respiratory  organs 
(J^ign.  38,  Jig.  3,  4,  5) ;  while  the  herbivorous  have  the 
opening  of  the  shell  entire  {Lign.  S9,  Jig.  3,  5,  6,  7).  Some 
tribes  are  exclusively  marine,  others  can  only  live  in  fresh- 
water, while  many  are  restricted  to  the  brackish  waters  of 
estuaries.     Their  geographical  distribution  is  alike  various : 
certain  highly  organized  forms  (the  Cephalopoda)  inhabit 
deep  waters  only,  and  are  provided  with  an  apparatus  by 
which  they  can  rise  to  the  surface  ;  while  others  are  littoral, 
that  iSj  live  in  the  shallows  along  the  sea  coasts  ;  many 
exist  in  quiet,  others  in  turbulent  waters  ;  some  are  grega- 
rious, like  the  oyster,  while  others  occur  singly  or  in  small 
groups.     All  these  varieties  of  condition  are  more  or  less 
strongly  impressed  on  their  shelly  coverings,  which  may  be 
regarded  as  their  external  skeletons  ;  and  the  experienced 
conchologist  is  generally  enabled,  by  the  peculiar  characters 
of  the  shell,  at  once  to  determine  the  economy  and  habits  of 
the  animal,  and  consequently  the  physical  conditions  in 


•  Soft-bodied  animals.  f  Shell-bearing  animals. 

X  Having  no  head. 

§  Medals  of  Creation,  vol.  i.  chap.  12,  p.  863. 
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which  it  was  placed.*  In  this  point  of  view,  fossil  shells 
become  objects  of  the  highest  importance  to  the  geologist, 
since  thej  are  frequently  the  only  indications  of  thecircum- 

*  There  is,  however,  a  source  of  error  that  cannot  always  be  guarded 
against :  great  changes  are  produced  in  shells  by  merely  local  influences, 
and  these  are  often  mistaken  for  specific  distinctions.  Professor  E. 
Forbes,  whose  investigations  have  so  beautifully  elucidated  many  of  the 
phenomena  relating  to  the  submarine  distribution  of  the  mollusca»  and 
other  aquatic  animals,  affirms  that  many  parts  of  the  sea  are  too  deep 
to  admit  of  the  existence  of  any  animals  or  vegetables ;  and  therefore, 
that  deposits  of  vast  thickness,  in  which  no  organic  remains  can 
occur,  may  be  forming  in  those  profound  abysses  at  the  present  tima 

He  remarks,  that  the  absence  of  fossils  in  any  marine  stratum^  is  no 
proof  that  when  the  bed  was  deposited,  there  might  not  have  existed 
above  it  a  sea  teeming  with  life.  Now,  admitting  to  the  full  extent  the 
facts  and  inferences  adduced  by  this  accomplished  naturalist,  in  proof  of 
the  intimate  relation  existing  between  the  depth  of  water  and  the  mine- 
ral character  of  the  searbottom,  and  the  prevailing  species  and  genera 
of  moUusca ;  and  entirely  concurring  in  the  opinion  that  the  absence  of 
fossils  in  any  strata,  ought  not  to  be  admitted  as  proof  that  the  waters 
which  deposited  them  were  destitute  of  living  things,  yet  I  cannot 
admit  as  a  corollary  from  these  premises,  that  very  deep  sea  deposits 
must  necessarily  be  destitute  of  organic  remains.  The  materials, 
whether  organic  or  inorganic,  that  are  carried  into  the  ocean  by 
streams  and  rivers,  and  the  detritus  of  the  cliffs  and  coasts  trans- 
ported by  the  powerful  currents  which  traverse  the  entire  area 
of  the  ocean,  and  the  sediments  which  accumulate  in  the  most 
profound  abysses,  may  imbed  organic  remains,  equally  with  those 
which  are  deposited  in  shallower  waters  (see  p.  70).  With  the 
exception  of  those  strata  in  which  the  local  conditions  prove  that 
the  shells,  corals,  &c.  lived  and  died  on  the  areas  where  their  remains 
are  imbedded,  the  prevalence  or  absence  of  fossil  remains  appears  to 
have  principally  depended  on  the  influence  of  submarine  currents, 
tidal  waves,  &c.  Nothing  is  more  common  than  to  find  over  vast 
regions  a  like  intermixture  of  shallow  and  deep-water  species  and 
genera, — as  rostellarise,  turritellee,  melaniae,  mussels,  &c  collocated 
with  ammonites  and  nautili,  fishes,  radiaria,  &c.  that  when  living 
inhabited  geographical  zones  of  very  different  depth :  and  this,  too, 
not  only  in  littoral  beds,  but  likewise  in  strata,  which,  jErom  the 
absence  of  gravel,  sand,  and  other  alluvial  detritus  (as  in  the  white 
chalk),  we  must  infer  to  have  been  deep  sea  deposits.    We  have,  then. 
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\  under  which  deposits  were  accumulated.*  I  return 
from  this  digression  to  the  consideration  of  the  phenomena 
presented  bj  the  seyeral  groups  of  the  tertiary  formations. 

14.     LiTHOLOGICAL     CHABACTEHS     OP     THE     TERTIART 

8TBATA. — The  predominating  characters  of  the  tertiary 
system  are  alternations  of  marine  beds  with  those  of  lacus- 
trine and  freshwater  origin.  A  large  portion  of  the  beds 
is  arenaceous,  with  intervening  strata  of  clay  and  marl. 
Shingles,  the  remains  of  ancient  sea-beaches,  abound  in 
some  localities,  and  often  occur  as  a  conglomerate  or 
puddingstone,  as  in  Hertfordshire  (p.  101)  ;  or  as  a  ferru- 
ginous breccia,  as  at  Castle  Hill,  near  Newhaven,  on  the 
Sussex  coast t  The  ruins  of  the  Chalk  are  everywhere 
recognizable  in  the  immense  beds  of  water-worn  flints, 
which  contain  shells  and  zoophytes  peculiar  to  the  cretaceous 
system.  Large  erratic  boulders  and  blocks  of  crystalline 
sandstone  are  of  frequent  occurrence  on  the  chalk  downs, 
and  have  probably  been  derived  from  the  upper  beds  of  the 
Bagshot  sand.  In  the  vicinity  of  Brighton,  blocks  of  ferru- 
ginous breccia  are  scattered  over  the  surface  of  the  Downs, 
and  masses  of  quartzose  sandstone,  of  a  saccharine  structure, 
occur  at  Falmer,  and  in  Stanmer  Park :  some  years  since 
there  was  a  large  rock  of  this  stone  in  Goldstone  Bottom, 
near  Brighton. 

In  most  of  the  gravel  beds  around  London  there  are 
numerous  blocks  of  siliceous  breccia  and  conglomerate.  In 
some  of  the  tertiary  series  limestone  predominates,  and 
alternates  with  sands  and  marls  of  great  variety  and 
brilliancy  of  colour  ;  beds  of  gypsum,  and  siliceous  nodules 
resembling  the  flints  of  the  chalk,  also  occur.     Such  are 

no  conclasive  evidence  that  the  so-called  azoic  strata  were  formed 
before  the  existence  of  animated  beings,  or  that  any  beds  of  later 
cJata^  destitute  of  fossils,  were  deposited  in  deeper  water  than  many  of 
the  foesiliferous  deposits. 

*  See  Medals  of  Creation,  vol.  i.  p.  363. 

t  Geology  of  the  S.  £.  of  England,  p.  55. 
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the  leading  lithoiogical  features  of  this  Bjstem  of  deposit 
which  we  will  now  examine  more  in  detail. 

The  distribution  of  the  tertiary  strata  over  Europe^ 
appears  to  be  in  areas  more  or  leas  well  defined.  In  m 
own  Island,  there  are  the  bariiua  of  Londgn  and  Haoapj 
which  probablj  were  origi  n all j  united  ;  and  the  remi 
other  series  of  heda  in  Yorkshirej  Norfolkj  SuflTolk,  Esi 
&c.  The  metropolis  of  France  is  situated  w*itliin  the  con- 
line.si  of  a  tertiary  area;  and  in  the  southern  and  nortiem 
provinces  of  that  country,  there  are  extensive  tracts  rf 
similar  deposits.  In  Auvergae,  they  are  associated  witli  lava* 
and  scorioB  of  ancient  volcanic  eruptions,  and  constitute  i 
di«5trict  of  unriv idled  geological  interest*  In  the  Suh- Apen- 
nines, they  are  largely  developed  ;  and  in  other  parts  of 
Sicily  and  Italy  they  insensibly  pass  into  vast  beds  d 
modern  origin,  wliich  arc  etill  in  progress  of  formation* 

In  the  United  States,  tertiary  mar!s,  clays,  and  sands,  m 
spread  over  considerable  areas,  between  the  AUegkaf 
mountains  and  tbe  Atlantic,  resting  upon  sands  and  imtk 
belonging  to  the  chalk  forraatiou.  In  Maryland  lad 
Virginia^  there  are  extensive  deposits  of  this  class,  remirk' 
able  for  their  organic  composition,  a3  we  shall  hereafter 
liave  occasion  to  notice. 

15,     SOBDIVISIOI^S    OF    THE    TeRTIAKY    SYSTEM* — ^ThB 

divisions  of  the  Tertiary  system,  adopted  bj  geologisti, 
are  concisely  expressed  in  the  following  synopsb,* 

;  Freshwater  and  marine 
fitrata,  uontaiaing  but  a 
very  few  e:Etinct  upecies 
of  0hell&  AbundMLce 
of  cxUting  Bpecica,  in- 
dicting a  murine  fauna 
not  caaeutLally  different 
from  that  vhieh  now 
prcvailft  la  the  present 


or 
Upper  TeHian/, 


FluTio-mArlad  Ix^ 
on  the  e«it«t 
coast  of  Bngtid. 
TheNorwichCn^ 
Suh-Apeaninedfr 
poelts;  andilHW 
of  PalemOj  iwi 
other  parlif  d  ^ 
clly. 


*  Seo  Mr*  Lyella  Elemqata  of  Geolpgyj  voL  1*  p.  284, 
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.    II.  Miocene; 

or 
Medial  Tertiary, 


r Strata  containing  from' 
twenty  to  thirty  per 
cent,  of  extinct  species 
of  shells.  The  tempe- 
rature of  the  sea^  as  in- 
dicated by  the  shells,  of 
a  sab-tropical  character. 


The  Crag  of  the  ma- 
ritime parts  of  Es- 
sex, Suffolk,  and 
Norfolk-  Faluns 
of  the  Loire.  Beds 
in  the  Yal  d'Amo. 


III.  Eooeke; 

or 

Zincer  Tertiary, 


'  Marine  and  freshwater  de-  \ 
posits ;  the  recent  spe-  1 
cies  of  shells  amounting  I 
to  scarcely  more  than  I 
five  per  cent.    The  pre-  \ 
vailing  forms  indicate  a 
marine  temperature  al- 
most equal  to  that  of  the 
eating  tropical  seas. 


The  series  of  de- 
posits, comprised 
in  the  tertiary 
basins  of  London, 
Hampshire,Paris, 
and  the  Nether- 
lands. 


16.  Upper  tertiary,  or  pliocene. — From  the  large 
proportion  of  recent  species  of  shells  which  occur  in  the 
pliocene  strata,  the  beds  have  all  the  characters  of  a 
modern  aggregate,  as  in  the  extensive  and  beautiful  col- 
lection from  Palermo  before  us,  for  which  I  am  indebted  to 
the  liberality  of  the  Marquess  of  Northampton. 
.  They  are  from  a  range  of  hills,  which  rises  to  an 
elevation  of  about  200  feet  above  the  level  of  the  Medi- 
terranean, immediately  behind  Palermo.  These  hills  are 
in  a  great  measure  composed  of  coarse  limestone,  made  up 
of  friable  shells,  which  are  frequently  in  an  admirable 
state  of  preservation  ;  in  some  examples  preserving  even 
their  markings  and  natural  polish.  The  elegant  and  pic- 
turesque manner  in  which  they  are  occasionally  grouped 
renders  them  objects  of  great  beauty  and  interest. 
These  fossils,  with  but  few  exceptions,  are  of  species  still 
living  in  the  adjacent  sea  ;  a  proof  that  when  the  limestone 
was  formed,  the  same  condition  of  the  basin  of  the  Medi- 
terranean  existed  as  at  present,  and  that  it  was   unin- 
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f\nitncM  bj  the  elevation  of  tint  portioQ  of  its  andent 
lx'^1,  wliicli  now  forms  the  range  of  hills. 

in  otlier  parts  of  Sicilj,  limestone^  hlne  mari,  beds  of 
nhiiWy  calcareouH  breccia,  and  gypseoos  day  occur,  inter- 
mingUid  with  volcanic  products.  In  the  Vol  di  Noto 
there  in  a  remarkable  assemblage  of  these  dqKwts^  which 
in  thus  dirHcribcd  by  Mr.  Lyell : — ^ 

'*  The  riving  grounds  of  the  Yal  di  Noto  are  lepanied  from  the  eone 
of  Ktna,  anil  the  marine  strata  on  which  it  reste»  bj  the  plain  of 
(.*aiaiiia,  wliich  in  elevated  above  the  level  of  the  sea,  and  watered  by 
the  SImeto.  The  traveller  passinfl:  from  Catania  to  Syraeuae,  by  wij 
of  Kortlna  and  the  valley  of  Pentalica,  may  observe  many  deep  laetioM 
of  UioHO  mo<lem  formations,  riHing  into  hills  from  one  to  two  thooHand 
fiH)t  in  height,  and  entirely  composed  of  sedimentaiy  stiata,  with 
recent  Hhells ;  these  are  associated  with  volcanic  rocks.  The  wh(de 
nerlea  of  strata,  ozchiHively  of  the  volcanic  prodncts,  ia  divialble  into 
throe  principal  groups.  1.  The  uppermaet,  compact  limestone  in 
laiuliiaiod  strata,  with  recent  shells ;  total  thickness,  from  700  to  800 
f(H)L  2.  Calcareous  sandstone,  with  schistose  limestone.  8.  TAminated 
inarU  and  blue  clays." 

Tho  iilu)V('.  groups  contain  shells  and  zoophytes  of  the  same 
gpooioH  a«  those  from  Palermo  just  noticed.  The  large 
tivMo\^{lWtmjarob<eu.^\  which  at  the  present  day  is  pro- 
fusely Htn'wn  on  the  Sicilian  shores,  is  abundant,  and 
lH.MiutifuUy  proserved  in  the  compact  limestone  ;  associated 
with  inunenso  numbers  of  very  minute  foraminifera,  of 
i^pooios  that  now  swarm  in  the  waters  of  the  Mediterra- 
nean. 1  Agaves  of  plants  and  stems  of  reeds  are  of  frequent 
tHH*urn*nco. 

The  AiH^nnines,  which  extend  through  the  Italian 
IK'niusula,  are  Hanked*  both  on  the  side  of  the  Adriatic 
and  the  Mediterranean,  by  the  Sub- Apennines,  a  low  range 
composed  of  tertiary  marls,  sands,  and  conglomerates,  some 

*  Principles  of  Geology,  roL  ilL  p.  8SS. 
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of  which  were  cotemporaneoiis  with  the  Crag,  while  others 
belong  to  a  more  ancient  epoch.  These  beds  have  resulted 
from  the  waste  of  the  secondary  rocks,  of  the  Apen- 
nines, which  were  dry  land  before  these  strata  were 
deposited. 

17.  Miocene,  or  middle  tertiary. — The  Crag.  The 
miocene  are  defined  as  strata  containing  but  a  small  pro- 
portion of  recent  species  of  shells,  seldom  exceeding  20 
or  30  per  cent. ;  but  there  are  exceptions  to  the  rigid 
application  of  this  rule  in  many  of  the  strata  comprised  in 
the  middle  tertiary.  Near  Bordeaux,  and  in  Piedmont^ 
Hungary,  and  other  parts  of  the  continent,  groups  of 
miocene  strata  occur,  and  have  been  described  by  Mr. 
Lyell,  and  other  geologists.* 

In  England  a  very  interesting  assemblage  of  pliocene 
and  miocene  strata  is  spread  over  considerable  areas,  along 
the  maritime  parts  of  the  eastern  counties,  Essex,  Suffolk, 
and  Norfolk, — and  is  called  the  Crag  ;  a  provincial  term, 
signifying  gravel.  These  beds  extend  along  the  coast  forty 
or  fifty  miles,  and  form  a  tract  which  in  some  parts  is  ten  or 
twelve  miles  in  breadth  {see  Plate  I.).  The  foundation  rock 
of  that  part  of  England  is  the  white  chalk,  which  is  more  or 
less  covered  by  the  London  eocene  clay,  on  which  the  lower 
Crag  is  superimposed.  The  Crag  strata  consist  of  loam, 
clay,  sand,  and  gravel,  containing  beds  of  marine  shells  and 
corals  ;  many  of  the  layers  being  wholly  made  up  of  shelly 
and  coralline  detritus.  In  the  upper  part  of  the  series  there 
are  intercalations  of  fluviatile  deposits ;  and  over  all  a  bed  of 
silt,  containing  mammalian  remains,  which  insensibly  blends 
with  the  superficial  alluvium  of  the  country. 

Mr.  Edward  Charlesworth,  to  whom  belongs  the  merit  of 
having  first  accurately  investigated  and  interpreted  the 
zoological  characters  of  the   Crag,   and  pointed  out  the 

♦  See  Elements  of  Geology,  vol.  i.  chap,  xiv; 
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natural  groups  of  this  series,  has  established  the  following 
subdivisions  of  the  deposits  that  occapj  the  eastern  coast 
of  England : — 

1.  Coralline  or  loxcermost  Crag,    k  wries  of  calcweooB  and  marly 

strata,  loose  white  sands,  layers  of  shells  and  corals,  and  concre- 
tionary bands  of  stone.  It  abounds  in  shells,  echini,  sponges, 
and  corals,  (especially  of  the  genus  Faseindaria,)  and  these 
occur  in  so  perfect  a  state  as  to  indicate  that  they  liyed  and 
died  on  the  spot ;  for  many  of  the  sponges  and  corals  are  in  the 
upright  position  in  which  they  grew.  This  group  is  upwards 
of  twenty  feet  in  thickness,  and  extends  along  the  coast  of 
Suffolk,  oTer  an  area  of  twenty  miles  in  length  and  three  or 
four  in  breadth. 

2.  Red  or  Norfolk  Crag.    So  named  firom  its  deep  fermginooa 

colour.  It  consists  principally  of  quartzose  sand,  with  commi- 
nuted and  waterwom  shells,  corals,  bones  and  teeth  of  fishes,  and 
other  fossil  remains.  These  beds,  when  occurring  in  the  same 
locality,  are  inrariably  superimposed  on  the  Coralline  Crag. 
They  attain  a  thickness  of  upwards  of  forty  feet,  and  abound  in 
marine  shells,  especially  numerous  species  of  Murex,  Bucctnunit 
and  Fus7is ;  among  the  latter  is  the  Fvsus  contrarius,  (so  named 
because  the  spiral  convolutions  pass  from  the  right  to  the 
left,  instead  of  in  the  opposite  and  ordinary  direction,)  a  well- 
known  shell,  formerly  in  great  request  among  collectors.* 

3.  Mammaliferous,  or  Jluvio-marine  Crag.    Sandy  loam,  and  clay, 

more  or  less  charged  with  shelly  detritus ;  it  occurs  in  certain 
localities  at  Southwold,  Norwich,  Cromer,  &c.  and  contains 
bones  and  teeth  of  several  extinct  mammalia,  associated  with 
those  of  existing  and  indigenous  species. 

4.  Insulated  patches  of  lacustrine  beds  with  mammalian  remains. 

Above  the  whole  of  these  deposits,  is  the  usual  alluvial  sedi- 
ment and  drift,  in  which  are  vast  numbers  of  bones  and  teeth  of 
Elephants  and  other  pachyderms,  including  a  species  of  Mas- 
todon, and  the  Irish  Elk.f 


*  See  Parkinson's  Organic  llemains  of  a  former  World ;  vol  iii. 
pi.  6,  fig.  5. 

f  Of  the  Mastodon  thirteen  teeth  have  been  found.  More  than  thirty 
years  since,  tusks  of  mammoths,  horns  of  Bos  and  Aurochs,  and 
antlers  of  the  Irish  Elk,  from  near  Walton  Nase,  in  Essex,  were  sent 
to  me  by  Q.  B.  Oreenough,  Esq. 


1 17.  MIOCENE,  OR  MIDDLE  TERTIARY.  225 

To  complete  this  slight  sketch  of  the  geology  of  the  district,  we 
may  obseire  that  there  are  some  insulated  patches  of  lacustrine 
silt  and  clay,  containing  extinct  mammalian  remains,  asso- 
ciated with  those  of  living  indigenous  species;  these  strata 
appear  to  be  post  tertiary. 

The  Coralline-crag  has  jdelded  to  the  researches  of 
Mr.  Searles  Wood  and  others,  upwards  of  400  species  of 
shells ;  numerous  corals ;  teeth  of  several  fishes  of  the 
Shark  family,  some  of  large  size  {Carcharias  megalodon)  ; 
teeth  of  Eagle-rays  (MUiobatis)  ;  and  ear-bones  (otolithes*) 
of  the  Sperm-whale,  and  other  cetaceans.  The  corals 
are  of  unknown  genera,  and  the  echinoderms,  of  which 
there  are  sixteen  species,  are  distinct  from  any  in  the 
adjacent  seas. 

From  the  Red  Crag,  nearly  300  species  of  shells  have 
been  obtained,  of  which  about  one-half  also  occur  in  the 
k)wer  Crag.  The  number  of  extinct  (or  more  ^properly, 
unknown)  species,  is  about  30  per  cent,  in  the  former, 
and  20  per  cent,  in  the  latter  group.  Microscopic  shells 
of  foraminifera  are  abundant.  Terebratulae  of  great  size 
are  often  met  with  ;  specimens  six  inches  long  have  been 
obtained  by  Mr.  Charlesworth. 

The  Mammaliferous  Crag  has  evidently  originated  in 
deposits  of  silt  and  sand,  brought  down  from  adjacent 
land  by  a  river,  or  streams  of  fresh  water,  into  a  creek 
or  bay  in  which  marine  detritus  was  accumulating. 
With  numerous  marine  shells,  it  contains  some  fluviatile 
and  terrestrial  species ;  and  in  it  have  been  found  teeth  of 
the  Mastodon,  Ursus  spelaBUS,f  and  other  contemporaneous 
fossil  mammalia. 

The  uppermost  beds  appear  to  be  entirely  lacustrine  or 
fluviatile,  for  they  contain  fresh-water  shells  and  bones 
and  teeth  of  land  quadrupeds ;  comprising  those  of  field- 

*  Medals  of  Creation,  vol.  ii.  p.  603. 
j  Mag.  Nat.  Hist.  vol.  iii.  p.  460. 
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iijice,  rat,  and  beaver ;  and  the  large  extinct  form  of  tba  | 
latter,  that  occur  a  in  the  mammotb  drii^  of  Russia  (1 
TrofjiMtheHum^  see  an ^e,  p.  154)  ;  a  portion  of  tho  jiirol 

»au  opossuni)  atid  bones  of  unknown  Bpecies  of  water* matfl^ 

'deer,  roebuck,  monkejTj  and  bat** 

The  passage  of  tlie  mammaliferous  crag  into  the  allaviiiin, 
U  in  many  phiees  so  imperceptible^  that  no  line  of  chfoiio* 
logical  separation  can  be  tlrawn  j  and  our  prcviona  remirb 
on  the  deposits  of  the  valley  of  the  Thames,  render  farther 
comment  unnecessary, 

18*    EoCENK,    OH    LOWER    TERTIARY    BEPOSITS. — I  BOf 

proceed  to  tlie  eomiideration  of  the  Mocmie,  or  those  tertiary 
strata  wfiieh  are  of  the  Inghest  antiquity,  and  occupy  baiiBl 
or  depressions  of  the  chalk,  where  that  formation  conalitatiB 
the  fundamental  rock  of  the  country*  Every  step  of  oar 
progresB  will  now  be  replete  with  increased  interest,  and  tb« 
relies  of  new  and  extraordinary  foi-ms  of  being  will  ippeiff 
before  us,  I  shall  pa^s  rapidly  over  the  atratigrapliicil 
character  of  those  rocks,  that  our  attention  may  be  more  fullf 
directed  to  the  organic  remaina  which  they  inclose* 

I  will  first  deiieHbe  the  geographical  distribution  ifli 
general  characters  of  a  few  of  the  |niucipal  groups,  tti>»I 
the  more  remarkable  foBsil  animals  and  plants  i  and  tln*n 
survey  those  regions  of  central  France,  of  the  Ehint*,  ami 
of  South  America,  which  have  been  the  scenes  of  Mtirc 
volcanoes  during  the  tertiary  epoch. 

It  may  be  regarded  as  a  singular  coincidence,  tbiit  tlu^ 
capitals  of  Great  Britain  and  Franco  are  located  on  wlrat* 
of  the  same  geological  age*  Paris  is  situated  on  a  tmI 
alternation  of  marine  and  fresh- water  bedfi,  lying  in  Ji  ^ 
pression  of  the  chalk  ;  the  latter  forming  the  boundary  of 
the  area  in  which  the  city  is  placed,    London  also  is  buift 

•  At  Ofltend,  near  Btt<?t,oii.  Norftilk  ;  wm  Mediiln  of  CTtAtion,  tol,  tl. 
pp.  8B&— 8fl7.  ProfcuBor  Owen  haw  figured  and  described  iU  me* 
impoHatit  of  thoso  rfilL<!s  la  "  British  FoubU  Mammalia." 
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ajs^  sands,  and  shingles,  filling  up  a  basin  of  cre- 
taceous strata,  the  miirgin  of  whicli  skirts  the  area  of  the 
tertiary  on  the  south^  but  leave?  it  open  to  the  sea  on  the  east* 
In  Hampshire,  and  on  the  northern  part  of  the  Isle  of  Wight, 
a  series  of  contemporaneous  lacustrine  beds,  with  inter- 


(From  Air.  Wtiftsfern  Map  ;  Gtot   Ttqju.  VoL  1 1.) 

Brsions  of  marine  deposits,  in  like  manner  rests  upon  the 
Chalk.     The  relative  situation  and  comparative  extent  of 
bese  three  basins  are  shown  in  the  map  {Lign.  33) ;  and 


tfOir&oK. 


h^^i^'^^^<<^ 


Valley  of  U ray.        Pa  ma. 


4  4 

Lielr.  M.— SiCT]0!<  from  nEHTS,  to  Bkv^,  m  PnAttcs. 

{Fram  Mr.  LyglPA  Biftnmit  ^IGmlo^*} 

1, 1,  Tertiary^  2,  2,  CtmlkT  h  h  Grtjensand^  4,  4,  Wealfleji, 

The  ahadikl  tltei  of  Loadon  and  PariSi  und  of  part  of  HatitB  and  the  Inte  of  Wight » 

Liidk'^dte  tlie  tertiary  depoaita. 

the  ideal  section  {Lign,  34),  from  Hertfordshire  across  the 
Iritisb  Channel,  to  Sens  in  France,  explains  the  position 
q2 
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Upper  /r&fh-wattr  vmrlgf  with  intetTstra-tificjcI  layers  of  flinty 
eontniiiing-  seed-vcatiels  of  aquatic  plants  (Cfutrm,  p.  80),  and 
nfiiniul  and  vegetable  remains.  These  bedi^  are  attrihiited  to 
lakei  and  maraliee,  which  cxisitad  after  the  marine  sands  had 
fiUed  up  tbe  ba^^in. 

Prom  this  rapid  sketch,  we  perceive  tliat  the  strata 
lich  occupy  tiie  Paris  basin  have  been  prodaced  by  a 
iittccesaion  of  changesj  that  readily  admits  of  explanation 
Ijy  the  principles  enunciated  in  tbe  previoue  lectures. 
3Iere  we  have  an  ancient  gulf  of  the  chalk,  which  wua 
^pen  to  the  sea  on  one  sidCj  while  on  the  other  it  was  sup' 

fi  by  rivers  charged  with  the  spoihj  of  the  country 
ugh  which  they  flowed,  and  that  carried  into  the 
tlie  remains  of  aniraab  and  plants,  with  fresh- water 
ahelh* ;  and  there  were  occasional  introductions  of  mineral 
waters.  Changes  in  the  relative  level  of  the  land  and  sea 
took  place,  and  thus  admitted  of  new  accumulations  upon 
the  previous  deposits  j  luj^tly,  the  country  was  elevated  to 
ili  present  altitude  above  the  sea*  Mutations  of  this  kind, 
as  we  have  already  seen,  are  in  progress  at  the  present 
momentv,  and  afford  a  satisfactory  elucidation  of  these  inter- 
-esting  phenomena.  I  reserve  for  the  present  any  remarks 
On  the  fossils  of  the  Paris  basin,  and  pass   to  the  exami- 

KOD  of  synchronous  strata  in  our  own  Island 
0.  Toe  London  Basin, — The  tertiary  deposits  on 
ch  the  metropolis  of  England  is  situated  are  spread 
over  a  considerable  areaj  wliich  is  bounded  on  the  south  by 
IheKorth  Downs,  and  extends  on  the  west  beyond  High -elm 
Hill,  in  Berkshire.  It  is  flanked  on  the  north*west  by  the 
Chalk  hills  of  Wiltshire,  Berkshire,  Oxfordshire,  Bucking- 
ham^hire,  and  Hertfordshire*  On  the  east  it  is  open  to  the 
aea ;  the  Isle  of  Sheppey,  situated  in  the  mouth  of  the  Thames, 
being  an  outlier  of  the  same  deposits.*    These  beds  extend 


*  Bee  Mr,  Weh#ter'fi  pai>er  iu  the  Geolog,  Tjuns,  vol  ii.;   and 
Conybe&re  and  PhlLUps'g  (leology  of  England  and  Wales. 
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over  Essex,  a  considerable  part  of  Suffolk,  Eppiiig  aud 
Hainault  fbrestSj  the  whole  of  IVIiddlcsex^  and  a  portion  of 
Buckfl.  The  tertiary  deposits  comprised  in  this  series  are 
fiubdivided  as  follows  t — . 

Bagshot  Sands,  and  Bracklesfiam  Oktys  ;— i^nda,  fituxdatoncs  ini 
foliaicd  marls^  and  concretionary  masses  of  aflioeona  nod- 
Btonea  ;  with  a  medial  groap  of  argilla(?eoufi  beds* 

Ltmdon  Clay; — a  tenaciouB  Ijlueish-lilack  clay,  with  lajsra  of  iepUiiit 
intercalated  sands,  Bhingles  and  eonglQmemte& 

With  the  first  diviaionj  5Ir.  Preutwieh  plaees  the  Brackleshum  dd^; 
and  with  the  latter  the  Bognor  rock»  :  beneath  the  whole  in 
the  mottled  days  of  Alum  Bay,  and  the  I^ewhaveti  and  IM 
tf^ich  heda,  all  of  which  are  included  in  the  term  Plastic  da^. 

The  site  of  the  metropolis  and  its  environs  consists  of  the 
London  elaj,  wMch  abounds  in  marine  remains,  and  consti- 
tutes the  great  mass  of  the  materials  that  till  up  thia  ancieot 
gulf  of  the  ocean.  Immediately  upon  the  chalky  bow- 
ever,  there  are  thick  beds  of  sand  and  mottled  clay,  callwi 
Plastic  clay  (from  the  Argih  plustique  of  tlie  Paris  basin), 
in  which  fresh -water  shellsj  plants,  and  drifted  wood  atb 
found  in  some  localities.  In  other  instances,  layers  of 
green  sand  lie  npon  the  chalk,  whicli  at  Reading  coiitaiii 
immense  quantities  of  oyster  shells  ;  a  similar  accnmuLition 
of  shells  occurs  near  Norwood^  and  at  Headley  io  Surrey,  a 
few  miles  from  Reigate,  At  Bromley,  in  Kent,  there  is  an 
extensive  bed  of  oyster-shells  with  pebblea  of  chalk -flinU 
interspersedj  the  whole  being  cemented  together  by  a  cal- 
careous deposit  into  a  remarkable  shell  conglomerate, 
which  is  in  much  request  for  grottoes  and  ornamental  rock- 
work. 

The  London  clay  is  fo^nd  immediately  beneath  tb 
gravel  which  so  generally  eonstltutes  the  subsoil  of  the 
metropolis  j  it  is  of  great  extent^  and  varies  from  300  to 
600  feet  in  thickness.  Tlie  blue  clay  produces  a  d^fk, 
tough  soil,  with  occasional  intermixtures  of  green  iui*l 
ferruginous  sandsj,  aud  variegated  clays.     It   abounds  ifl 
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wers  of  splieroifial  nodules  of  indurated  argillaceous  lime- 
|(0ii6j  internally  traveiBcd  by  veinfl  of  calotireoue  spar,  tliat 
feldiate  from  the  euntre  to  tlie  circumference.  From  the 
topearance  of  acpta  or  partitions  which  this  character 
■onferSj  these  concretions  are  called  Sepiaria :  shells 
bd  other  organic  remains  frequently  form  the  nuclei  of 
■lese  noduleify  which  are  used  in  prodigious  quantities  for 
knent.  Many  other  argillaceous  strata  contain  concre- 
ponary  spheroids  of  this  kind  :  beautiful  specimens  are 
Ibtained  Irom  the  Lias,  and  Oxford  clay,  and  are  cut  and 
fcolished  for  tables  and  other  articles.  The  septaria  are 
■ommonly  disposed  in  horizoiital  lines,  and  lie  at  unequal 
Bstancea  from  each  other.  Brilliant  sulphuret  of  iix>n 
■bounds  in  the  clajj  and  permeates  the  septaria  and  many 
If  the  organic  remains.  Crystallised  sulphate  of  lime,  or 
pletiite^  is  also  common  in  these  mid  other  argillaceous 
kata.  The  cuttings  through  Ilighgate  Hill,  to  form  the 
Ipehway ;  the  excavations  in  the  Kegent^s  Park  ;  and, 
bore  recently,  tlie  tunnela  carried  through  a  part  of  the 
iime  ridge  of  clay  at  Primrose  HiU,  in  the  line  of  the  Bir- 
■ingbara  railroad  ;  and  the  cuttings  of  other  railways,  and 
Be  explorations,  hy  wells,  over  the  whole  area  around 
bondon,  have  brouglitto  light  such  prodigious  quantities  of 
kganic  remain s^  that  the  fossils  of  this  deposit  are  okaoat 
Imversally  known.  The  late  Mr,  Sowcrby  called  early 
ptention  to  these  productions,  the  first  plate  in  his  Mineral 
WSoncholofjy  being  devoted  to  the  nautili  and  otlier  shells 
pf  the  London  basin.  Immense  numbers  of  marine  shells 
of  extinct  species ;  crabs,  lobster Sj  and  other  crustaceans  i 
teeth  of  sharks,  and  of  many  other  genera  of  fishes  ; 
bones  of  crocodiles,  turtles,  serpents  and  bii-ds  ;  leaves, 
fruits,  stems  of  plants,  and  roUed  trunks  of  trees  per- 
forated hy  boring  shells; — occur  throughout  these  strata,  but 
are  located  in  greater  abundance  in  some  spots  than  in 
ers.     The   clay  and  gravel  pits  at  Woolwich,  on  the 
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banks  of  the  Thames,  are  full  of  freflh»watt?r  univalvr 
shells  ;  and  iit  Plumstead,  Bexlej,  and  other  places,  mmm 
bivalves  occur  in  elay,  and  in  indurated  argilkceoos  liiue- 
Btone,* 

2L  The  Isle  of  Shepfey. — The  Isle  of  Sheppef  ii 
entirely  composed  of  the  London  claj,  an<i  the  tliickness  of 
the  beds  i^  upwards  of  550  feet*  It  has  long  been  cekbratwl 
for  its  organic  renmina ;  and  I  may  observe,  that  the  dL^  ■ 
very  of  seed-vessels  and  steins  of  plants  in  pyritous  clay,  ii' 
visit  wliieh  I  made  to  Queenboroogh,  when  a  youth,  tend" 
to  confirm  my  early  taste  for  geological  reaearches.  The  clilis 
on  the  north  of  the  island  are  about  200  feet  liigh,  and  coasi^ 
of  clay  abounding  in  septa  ritit  which  are  washed  out  of  tiie 
i^jffa  by  the  action  of  the  sea,  and  collected  for  cemmi 
Tlie  organic  remains  are,  however,  unfortunately  so  stron^rJ  • 
impregnated  with  pyrites,  that  the  collector  of^n  findi  tin 
choicest  fossil  fruits  in  his  cabinet,  like  the  fabled  applet  ui 
the  Dead  4Sea,  one  moment  perfect  and  brilliant,  and  the  oeM 
decompoaed  and  fallen  to  pieces,  leaving  only  an  effli:ins<?ea* 
sulphate  of  iron.  A  solution  of  isinglass  in  spirita  of  wiiu^ 
apphed  as  a  varnish,  is  one  of  the  best  preservatiT€S*  He 
sjune  species  of  animal  and  vegetable  remains  that  trf 
found  in  the  blue  clay  of  the  metropolis,  are  also  met  wttli 
in  profusion  in  the  Isle  of  Sheppey.f 

Fruits,  seed-vessels,  with  stems  and  branches  of  trees,  of 
a  tropical  character^  probably  drifted  by  currents  into  the 
gulf  of  the  London  basin,  occur  in  such  abundance  and 
variety  in  the  Isle  of  Sheppey,  that  the  existence  of  a  gitH^ 
of  spice  islands  at  no  great  distance,  seems  necessary  to  ac- 
count for  so  vast  an  accumulation  of  vegetable  productions. 
The  seed-vessels  are  referable  to  several  hundred  speeiiy  i 
some  are  related  to  the  Cardamonij  Date,  Areca,  Cocoii 

*  McJfttrs*  Wcthereil  and  Edwards   have  fine    coll«<cliotui  of  iitx 
Highgate  fomllA. 
f  See  Mcdalfi  c»f  Crfiatioa^  vol.  I  p.  175. 
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CJotton-plant,  Bean,  Curumber,  AcaciOj  Pepper,  &c**    The 
TTOod  found  in  the  Sheppey  clay,  is  generally  in  the  state  of 
1  pyritoiis  lignite,  with  the  ligrieous  fibres  and  circles  of 
^^wth    well   defined  ;    it  is:^  often  veined   with  brilliant 
pyritct^,  and  the  fissures  and  cavities  are  frequent Ij  filled 
iritb  that  inineraL     It  is  rarely  that  any  considerable  niasw 
of  this  wood  is  found  free  from  the  ravages  of  a  species  of 
tferedg,  reaembling  the  recent  T^eredo  navaliSj  or  horer, 
irhieb  inhabits  the  seas  of  the  West  India  islands*     The 
ihelly  tabes  sometimes  remain,  but  their  cavities,  as  weU 
M  the  perforations  in  the  wood,  are  more  or  le^a  filled  up 
with  pyrites,  indurated  clay,  argiUaceoiiB  limestone,  or  calca- 
iwus  spar  ;  and  specimens,  when  cut  and  polished,  esJiibit 
interesting  sections  of  these  meandering  channels.    In  these 
specimens,  which  I  collected  in  1811,  from  the  cuttings  of 
the  canal  in  the  Regent's  Park,  the  structure  of  the  wood, 
^i|d  the  form  of  the  shells,  are  beautifully  di  splayed  .f 
Hg2.  Eag&hot   aAOT)s  and  ci,ays. — At   Highgate    and 
^aanpstead,  Purbright  and  Frimley  Heaths,  in  Surrey,  and 
on  Bfl^shot  Heath,  e^rtensive  beds  of  siliceona  sands,  with  a 
middle  group  of  clays  and  maids  occur,  but  they  contain 
very  few  traces  of  organic  remains ;  the  fossils  hitherto  ob- 
served are  principally  casts  of  shells  of  Brackleshani  species. 
In  cutting  through  the  summit  of  Goldsworth  Hill,  four 
miles  north  of  Guildford,  on  the  line  of  the  London  and 
Southampton  railway,  teeth  and  other  remains  of  several 
genera  of  fishes  were  discovered  ;  the  teeth  of  sharks,  and 
tbe  palates  of  rays,  were  the  most  numerous*    Teeth  of  the 
sawr-fish  {Prutk\  and  of  several  new  genera  of  cartilagi- 
nous fishes,  were  also  collected 4 

*  See  Figypea  and  DescriptJoBA  of  the  Fossil  Fmita  of  the  London 

l^liy;  by  1.  S.  Bowerbank,  E8t|,  F,ILS. 
t  For  a  particolor  account  of  the  IfiliiQil  and  its  foaails,  lee  "  Em- 
%mn  /o  the  /*f/e  of  Shapjtei/  :"  in  Menials  of  Cr^atioii,  yoL  U.  p*  8&T. 

1$  See  Geology  of  the  Isle  oi"  Wight,  p.  84. 
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The  boulders  ami  masaes  of  standsitonej  which  m^  i)hm 
dunt  in  some  oi'  the  chalk  valk^ys,  and  on  the  Hunksj  uf  tbe 
Downss  and  are  called  Sarsdm-.stone,  or  Uruid  mrnhtttmf 
from  Utiing  the  principal  material  employed  id  the  €OfK 
atruction  of  Stonehenge,  and  other  Dm  idle  al  monument^ 
have  been  derived  from  the  lower  Bagshot  sandiS.  In  miBj 
of  the  waatea  and  unproduetive  heaths  around  LaatlaOi 
the  arcnaceoua  deposite  of  this  group  form  the  subsoil ;  himI 
they  constitute  that  picturesque  spot,  Ilampstead  Heath,  an4 
cap  Highgate  IIiU  and  the  adjacent  heights-  Thehedijof 
sliinglc  associated  with  the  sands,  have  unquestionably  bew 
derived  from  the  ruins  of  the  chalk  formation,* 

23,  Nature  of  SpHiNCS.^From  the  alternation  of 
sands  and  other  porous  strata  with  stiff  impervious  ciajij 
tliroughout  the  London  ba&sin>  the  metropolitan  district  if 
favourable  for  obtaining  water  by  means  of  the  bocbgi 
termed  Artesian  wellSj  by  which  means  perennial  foaataiai 
are  made  to  rise  from  the  natural  reservoir  in  the  lowermost 
beds  of  sand.  The  nature  of  these  welb  is  easily  exiilaintd- 
The  descent  of  moisture  from  the  atmosphere  upon  tlie  tsartli, 
and  its  escape  into  the  basin  of  the  ocean  by  tho  agentyrf 
streams  and  rivers,  were  noticed  in  the  first  lecture,  Tha 
rain  falhng  on  a  gravelly  or  porous  soil,  descends  throagh 
it,  till  its  progress  is  arrested  hy  a  clayey  or  impervious 
stratum,  which  thus  forms  a  natural  tank  that  receives  ikt 
water,  and  a  subterranean  reservoir  or  pool  will  be  theresolti 

♦  Mr.  Prefttivich,  wbosc  iudeftttigablo  and  ahle  rc^c^TYihes  lift 
largely  contributed  to  eatahliah  corroc:t  Tiews  of  the  nataiml  gmft 
of  which  tho  British  tcdiaiy  eoti»i^t,  rcgardi!^  the  Bagshot  sxadu  a** 
triple  fleriea  ;  arenaceous  strata  const liutiu^  the  upper  and  lower,  u4 
argillaceous  b^k  the  middle  divUion :  to  this  la^t  he  t^n  t^i  Um 
elay  of  Brai:klertliani,  Southampton,  Barton,  ko.  HowevOT  thb  iwk 
the  geological  charaeier  of  the  eocene  wy  stem  uf  the  London  and  limp 
sbire  bflj^ins,  is  that  of  an  extenaive  msHnc  formatioa,  with  i  fr» 
intercalations  of  fluviutUe  deposiifl  in  the  lower  gronps,  and 
into  a  freshwater  and  lauuatriac  coaditioa  in  the  upper. 
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according  to  the  direction  and  configuration  of  the  over- 
lying bed  of  claj*  Tins  state  of  things  will  continue^  till^ 
by  an  increased  stipply,  the  water  rises  above  the  level  of 
the  basin  or  channel,  and  either  overflows^  or  eacapea 
throogh  fissures  in  the  rocket,  to  another  level.  If  the 
course  of  the  waters  he  aubterranean,  the  beds  of  slightly 
coherent  stone  are  worn  away,  and  chasms  or  caverns  are 
formed  ;  hence  the  underground  rivers  and  streams,  of 
great  extent,  which  occur  in  many  places  {p*  56);  but  if  the 
water  find  its  way  to  the  surfiice,  a  spring  bursts  forth. 
This  13  the  nature  of  all  springa^  except  those  which  arise 
from  very  great  depths,  such  for  example  as  the  thermal 
watera  of  many  countries  ;  tbese  probably  originate  from 
the  condensation  of  steam,  evolved  through  fissures  by 
volcanic  agency.  Streams  impregnated  with  the  mineral 
substances  contained  in  the  strata  through  which  they  flow, 
are  called  mineral  waters.  Those  in  the  tertiary  strata 
near  Epsom,  contain  sulphate  of  magnegia,  whence  the 
name  of  Epsom  salt>  given  to  this  substance  wherever  it 
occurs,* 

24,  Aetesian  wells.^ — But  pervious  strata  frequently 
alternate  with  others  which  are  not  so  ;  and  they,  likewise, 
form  basins,  the  areas  of  which  are  partially  filled  with  elay^ 
through  which  water  cannot  pass :  in  such  a  case  it  is 
obvious,  tliat  the  sands  beneath  the  clay,  fed  by  the  rain 
which  descends  on  the  uncovered  margin  of  the  basin,  must 
constitute  a  reservoir,  and  the  water  gradually  accumu- 
late beneath  the  central  plateau  of  clay,  %vhence  it  cannot 
escape.  If  this  bed  of  clay  be  perforated,  either  by  natural  or 
icial  means,  the  water  mast  necessarily  rise  to  the  surface. 
Eld  may  be  thrown  up  in  a  jet  to  a  considerable  height, 
%bich  will  depend  on  the  level  of  the  fluid  in  the  subterranean 
reservoir  i    such   is   the  phenomenon    observable  in   the 

'  *  See  my  notes  on  the  Geology  of  Surrey,  in  Brayley*«  Hiatory  of 
at  <3)0iuity. 
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gBiH^mlly  ff^iind  to  Im:  dry  witliiiu  imd  the  blue  <?lny  coi> 
Hugh  the  watoi'cotitmrieil  hi  iim  mimh  benctith  ;  thtu*w/n\i'fr 
Umnifon*  [ufrfdniics  ilm  (dtiy,  ititi-odueisti  tulK^if,  tinfl  t4»pn  tfm 
natuni]  timk,  imd  th<%  itnprmomul  witti^rH  runh  to  the  siirikyr; 
by  lliiM  m< 'til Oil  perennial  fonntiiinw  Jiuvu  bc'im  farra«tl  il 
Tooth ig,  lliimniftrHiuitl^  Fulham,  he* 

Tlie  welJrt  Hiirik  hi  to  thu  Loruloii  day  {Lit^n,  35,  l,f/,rf,)4i 


-"-"  M^'^r^rV'T  1g v7  w^ - ^ 


' 


L  Tliu  Jjoiidmi  uliiy.      jt.  I'laittn  (.lay  mid  iiincU      J    Theohilk. 
^,  A,  6^  HurittKR  thiit  nmk  Uiu  ulinLk.     c,  i?!,  WvLIh  in  t]i»  yl§Mlk  cUf,    rf,  d,  t  Jl 

not  yh>l(l  \nirii  water  ;  but  t  lie  ^aiidy  wtrnta  tiltcrnatiTij,^  with 
thn  tshiyH,  itflhrd  ii  Mui»[»ly,  tlu?  quantity  and  quality  lif  wiM 
dupeiid  €ni  the  imtiiHj  of  the  roek.  TK<s  biiringw  wticb 
rrarh  tliu  naiiik  of  th*?  phiiitic  day  (//?^yjt.  ;i5,  2j  r^  c^)  iunmh 
good  Hollt-watvr  j  lnU  the  wellei  that  extend  to  tlie  *iJiatt 
(fjiju.  Ittl,  H,  ffl,  ^,  /jj)  obtiiin  the  most  copious  gprirign,  ih« 
water  often  fIhi  ng  to  the  eurface  in  a  perennial  fuuntiLin.f 

•  CoiuiuH  Dr,  BudtlftBd'H  Brfdgewater  Eaaay,  p,  561;  md  M 
uihinnLlite  Eflnoy  on  Artciiliia  Wo11H|  in  tho  Mining  Jourozdi  coiiilud«d 

t  Ah  tliu  wliiUu  clmlk,  into  wklch  the  Artesian  boHnpt  '<* 
l^iiidoii  uro  gunurally  carried  Bomo  twuuty  or  tidrty  feet,  ii  n<^  *  i*' 
torLtJvu  ruck,  but  on  thd  uoatmry  li  no  porouB  tliii  n^t  t  mtuml  pool 
QT  luko  \%  %o  be  iound  thraughniit  the  ulialk  di«tdeta,  except  iuhI^t 
Hoirio  j>0(;Tdmr  Ickju.1  conditionw,  a  fow  wurdn  niuMt  bu  uddpd,  itp  ^• 
pliUn  tbb  imonmly.  Tliu  cfmli-vmrlt  wliieh  ii  ib<^  flrift  rcU'UtJit 
l>oi!  olany  etJUMidcmblo  extent  In  the  ^rolju^eoun  foriuAtitm,  ll<»i** 
i|ej)tb  of  nmny  IniniJrod  feet  lierieitth  tb«  Imttoiu  of  tho  Loudon  had^ 
imd  thcroforv  coyUJ  nut.  m  urthimry  cundlilonM,  ^inn  ftfCiDrrpirl^ 
f-ould  be  rc^hod  by  artitieiiLi  meuiiMj  if  the  Mtmt«  ir«ro  eltli«rlM3ll£Mal*lf 
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Klie  wells  in  London  vary  in  de{>tli  from  100  to  600  ft;et ; 
K  the  total  thickness  of  the  clay  in  some  places  is  estimated 
Bpesrly  a  thousand  feet.  The  most  i^markahlo  instance 
KiuceesB  in  obtaining  a  perennial  fountain  from  a  deep 
^■rce,  hy  the  process  of  boring  above  described,  is  the 
KteBian  well  at  GreneUej  near  Paris,  which  was  carried 
Hough  tlie  entire  series  of  the  tertiary  and  cretaceous 
Htta,  down  to  the  green  sand  ;  a  depth  of  1,800  feet  ! 
Bbe  water  rises  in  a  powerful  column  to  the  height  of 
MJrty  feet  above  the  highest  part  of  PariSj  and  has  a 
^npcrature  of  91**  Fahrenheit,  being  sufficient] j  hot  for 
^nrmiag  greenhouses,  &c, 

■  25.  The  HAi^rrsui&E  kasik* — The  London  basin  docs  not 
■!psent  an  alternation  of  marine  and  fresh -water  deposits, 
Wk&  I  hat  of  Paris  j  but  in  Hampshire  and  the  Isle  of  Wight, 
■ere  is  an  extenaiYe  suite  of  tertiarjj  composed  of  fresh* 
^Bter  claySj  sands,  and  limestones,  associated  with  marine 
Hata.  This  seriee  extends  over  a  considerable  di8- 
Bet  On  the  east,  a  &(tnaU  foutlicr  of  the  lower  beds  of 
Bistic  clay  appears  at  Castle  Hill,  near  Newliaven,  in 
Hpsd^x  ;*  and  to  the  west  of  Brighton,  the  London  clay 
Hbfit  to  the  surface,  and  forms  the  subsoil  between  the 
^HMb  and  the  sea-shore.  The  inland  boundary  of  these 
Ktiary  strata  stretches  by  Chichester,  Em^worth,  and 
Bputhampton,   to   Dorchester ;    and  the  London   clay  is 

Bifing  inclined  in  a  direction  fram  the  central  plateau  of  London  ; 

Bl  the  chalk  formi  &  deep  gulf  or  f^xoavatJon,  in  which  the  I^n- 

Hda  clsy  is  flitufttedf  and  thos  tho  drainage  froin  the  surrounding 

tbatk  hills  fiowi  into  the  centre  of  the  bu^in,  and  fumipihea  mi  almott 

wieihangtible  reserToir.     I  need  not  add,  that  attempts  to  obuin 

later  by  Artcflian  borings  in  any  oh  alt  distrLct,  where  the  strata  are 

horizontal  or  inclined^  will  fail,  unlesfi  the  beds  immodiatolir  upon 

til*  citiilk-jjutri  could  be  reached.    Tho  boringH  for  wat^r  near  South. 

aiuptoa  exemplify  theee  remarka.     Secf  my  Geoioffi/  of  the  Isie  ^f 

Wk(ht,  p.  81, 

*  asology  of  the  aouth-Eaat  of  Bagland,  p.  63. 
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spread  over  the  whole  area  of  the  New  Forest  and  ti*< 
Trough  of  Pwle,  h^Atig  flatikod  by  the  cimlk  on  the  north, 
north-east,  and  north  *wi:!st,  and  open  to  the  scji  on  tiie 
south.  The  lale  of  Wight,  though  now  eeparatod  from  thn 
main  land,  ia  a  disrupted  mtiaa  of  the  formations  of  tbw 
Bouth-eaet  of  England  ;  the  chalk  basin  htvving  b^n  hrokm 
up,  and  the  cretaceouB  Btrata,  with  the  superimposed  i4Uid^ 
days,  and  grayel,  tlirown  in  many  instances  into  a  verticil 
position.  This  phenomenon  is  etrikiirgly  disphiyed  at  th 
north-weiit  extremity  of  the  ialand,  at  Alum  Bay,  mk 
the  eaatera^  at  Culver  Cliff  and  Whiteeliff  Bay, 

26.  Alum  bait. — Alum  Bay,  so  called  from  the  t 
formerly  extracted  from  the  dec oni posing  pyrites  ^illi 
which  the  clay  abounds,  is  well  known  to  the  vi,«rif oF8  of 
the  Isle  of  Wight.  Thiii  sketch  {Lifj^n.  36)  convi^i  t 
general  outline  of  the  bay;  a,  represent  the  vertieal  eliiHt; 
hf  by  the  tertiary  atrat^  consisting  of  sands  and  clayi  i 


LiGif.  36. —Alum  hat,  latis  av  Wioiir;  t^^n  ttits.  «!siY. 
s,  Chatk  ttiatAt  nearly  vertteAl.     b,  h,    Vertlcul  T«ft|«r7  ttrptli 

infinite  variety  of  colour.     The  appearance  of  these  clifl'j'i^ 
thua  graphically  destcribed  by  Mr.  Webster, 


whose  tnen^ 
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le  strata  above  tlie  EngUab  Chalky  formed  a  new  era 
tisb  Geologjj  and  raised  our  tertiary  aeries  to  an  im- 
ice  equal  to  that  of  the  Foris  bflBin* 

i  claji  and  sandB  of  Altim  B&y  afford  oae  of  the  most  intereflt- 
4uml  liectioiifi  imaginable.  They  exhibit  the  ac^tual  &t^i&  of  the 
imhove  the  chalk,  before  anj  change  t^ok  place  m  the  poBitlon 
llatten  For,  although  the  beds  of  which  thej  are  composed  are 
frerticalj  yet,  ftom  the  nature  and  variety  of  their  compotiiiion, 
it  regukritj  and  number  of  their  altematLona,  no  one  who  viewa 
I'  can  doubt  that  they  have  suffered  no  cluinge,  except  that  of 
1^  been  moved  with  the  chalk  from  a  horizontal  to  a  vertical 
lon>  Tbesc  Bauds  imd  cUys  present  every  variety  of  colour  of 
l^yelloWj  ted,  crimson,  ferruglnouB,  white,  blacky  and  broTra." 
[ 
%  London  qlay  or  the  HAMPsnmK  basin The 

don  claj  extends  oyer  the  greater  portion  of  the  area 
he  Hampaliire  basin^  its  peculiar  fossila  abounding  in 
y  localities.  Castle  Hill,  near  NewbaveUj  which  lias 
\  already  mentioned  as  an  isolated  portion  of  the 
^  series  of  plastic  clay,  ia  made  up  of  sands,  marls,  and 
8,  with  heds  of  oyster- shells  and  shingle  ;  these  deposits 
\  the  upper  part  of  the  hill,  and  rest  upon  the  chalk  of 
ik  the  lowermost  fifty  feet  of  the  cliff  are  composed,* 
mbiulphate  of  alumtnej-f  a  mineral  peculiar  to  this  lo- 
%  occurs  in  the  ochraceous  clay  which  is  in  immediate 
lict  with  the  chalk,  Selenite,  or  crystallized  gypsum, 
mds  in  the  marls ;  and  there  ia  a  layer  of  surtur brand,  or 
ite,  a  few  inches  thick,  containing  impressions  of  dico- 
Qous  plants4  The  clays  abound  in  marine  and  fresh- 
r  jdieib  ;  some  of  the  layers  being  aggregations  of  com- 
Btells,  held  together  by  argillaceous  earth.  §    The 

I  Geology  dtlie  South  DownHj  p.  201. 
British  Mineralogy,  Tab,  im.     Geology  of  the  South-Eaat  of 
and,  p.  5i^, 

Foeails  of  the  South  Downs,  PL  viii.  figs.  1,  2,  3,  L 
IV©  Bpeciea  of  FotmuideSf  and  one  of  C^dm,  (both  fresh'Tater 
li,)  are  the  prevailing  forma. 
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oyster-bed,  where  pebbles  enter  into  the  composilion  of  tJn 
concreteil  masses,  elosely  resemblf^s  the  Bromley  coi 
me  rate  (p*  230)*  I  have  colleetetl  a  few  teeth  of  si 
but  no  othej*  veatigea  of  ilshea  have  been  ob&^erved* 
CMmting  Castle,  near  SeafbrtJ,  on  the  eaatern  escaif<^ 
ment  of  the  valley  of  the  Ouse^  olive -greeu  sand,  md  i 
femiginoua  conglomerate  of  chalk -fl in t.^  lie  upon  thecbalkj 
provifig  the  further  eastward  extension  of  the  tertiary  bedl 
along  the  Sussex  coaet** 

To  the  west  of  Brightonj  the  Xrondon  clay  is  perC€i?€i 
near  Worthing^  emerging  from  beneath  the  oUuvium  whicii» 
as  we  have  already  soea,  contains  remains  of  elepbatits. 
At  BognoFj  an  nrenaceous  limestone,  full  of  the  u^ud 
shells  of  the  London  clay,t  constitutes  a  group  of  low 
rocksj  which  in  another  century  will  probably  hav  e  entirel/ 
disappeared.  The  beauty  and  variety  of  the  shelb,  parti- 
cularly of  the  nautili,  and  of  the  perforated  fossil  wood, 
render  these  organic  remains  objects  of  considerable  interest 

In  the  blue  clay  at  Braeklesliam  Bay,  on  the  westfim 
coa^t  of  Sussex,  and  at  Stubbington^  fossil  shells  may  Iw 
obtained  at  low- water  in  profusion;  J  and  Hordwell  ttii 
Barton  Cliffs,  in  Hampshire,  §  have  long  been  cckbrali  : 
for  similar  fossile;  whells  from  these  localities  are  tu  i 
found  in  almost  every  collection  of  organic  remains. 

28*    FRE§n-WATEU    TERTIAUT    STllATA   OF    THE   ISLt  (»F 

Wight, — The  peculiarity  of  the  Isle   of  Wight  w^tit 
sitrata  as  compared  with  those  of  London,  consists  in  ti><' 

•  Geology  of  the  South-EaHt  of  England,  p.  62* 

f  Foftflils  of  the  South  Dowds^  p.  £71. 

t  Bmrklesham  Bay,  on  the  westera  coast  of  Soaeex,  is  buunJcd  hj 
a  loM'  clifT  compoaed  of  blue  t^lay,  and  green  fland,  full  of  ftwil 
»he1lB^  filibeg'  ieeth,  jmd  other  renminii.  Jor  ii  paHlcutar  tc<!tmi  ^ 
this  proiluet.ivo  tortiaiy  locality*  bco  ^'  ExcurmonU*  BracM^akimScy' 
in  my  Mcdak  of  Creation,  vol*  li.  p,  1*03* 

§  Thoao  olifffl  an;  fully  deaoribed  in  my  Geology  of  the  lukof  IW^' 
chap.  Vh  p.  164. 


PRESH-WATEK  STRATA  OF  THE  ISLE  OF  WIGHT- 


241 


WnBtriae  and  fluviatile  character  of  the  upper  Beries  of 
deposits,  whicli  is  superimposed  on  marine  strata  identical 
with  those  of  Bracklesham,  These  fresh -water  beds 
eonsist  of  marlsj  sands,  and  limeatoneSj  containing  abun- 
dance of  river  and  lacustrine  sheils^  and  a  few  bones  and 
leeth  of  mammalia,  of  some  of  the  extinct  genera  of 
the  Paris  basin.  This  series  is  spread  over  the  northern 
^tricts  of  the  Island^  forming  the  coast^line  from  White- 
cliiT  Bay,  to  Headon  Hill  in  Alum  Bay.  The  relative 
position  of  the  flu  via  tile  and  marine  eocene  strata,  is  shown 
ki  Xf?^M,  37  ;  strata,  the  equivalents  of  the  Bognor  rocks, 


Euadon  RJH 


Alum  Ba^' 


Liox  37-— ^SscTioir  Qt  Hsahon  .Hill  ash  As*ttm  Bay. 

M^    FiMli'Watcr  itraU  of  Headon  IIUL    2.  Vertical  marine  atratu  of  Alum 
Bay,    3.  Nearly  vertical  teds  of  Chalk* 

[idon  clay,  Bracklesham  clay,  and  Bagshot  sands,  appear 
t  a  vertical  position  throughout  the  entire  extent  of  Alum 
Baj,  from  the  white  chalk  (3),  to  the  foot  of  Headon  Hill 
(e) ;  and  are  succeeded  by  the  fresh -w^ater  deposits  (  L)  The 
limestones  abounding  in  iluviatile  shells  {see  Lign^  39), 
tre  quarried  at  Binstead  near  Ejde,  and  at  Calbourn,  and 
Slifllieet  f  and  may  be  seen  in  various  places  along  the 
Rortiiern  coast.  Bones  of  turtles  and  crocotUlian  reptiles, 
Wb  sometimes  met  with.* 

29.  Obgakio  remains  of  the  eocene  strata  ;  Fos- 
sil PLAKTS. — So  numerous  are  the  relies  of  the  inhabitants 


•  These  fltrataj  aad  the  moBt  intcrceting  fossllfl  hitherttj  discovered 
*ti  the  lile  <if  Wightp  are  &o  fully  described  and  iOvistmt-od  in  my 
*^cnt  work,  '*  Eicarsions  rouad  the  Isle  of  Wight,  &c.,"  that  I  beg  to 

I  to  that  volume  for  more  amplo  information. 
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of  tbe  ancieot  landjs  and  waters  en  tombed  in  the  stntt 
we  have  thus  cursorily  surveyed,  that  I  can  only  offer 
a  very  brief  account  of  the  organic  remainB*  I  will 
select  a  few  of  the  fossils  of  the  Paris  basin  as  lypioU  af 
the  zoology  of  the  older  tertiary  epocli,  and  notice  such 
others  froin  British  localities,  as  may  be  requisite  for  thA 
elucidation  of  the  subject 

Dicotyledonous  wood  occurs  in  considerable  abundimcei 
in  the  state  of  large  trunks  and  branches,  which  appear  to 
hare  been  drifted  far  out  to  sea,  and  are  full  of  perlunvtions 
inclosing  shells  of  boring  mollusca.  The  strata  around  Lon- 
don, and  in  the  Isle  of  Sheppey,  abound  in  specimens  of  this 
kind.  Leaves  and  stems  of  palms  have  been  found  m  ibe 
Paris  basiuj  and  in  the  Isle  of  Sheppej,  &c, ;  and  tbe  trant 
of  a  tree  related  to  the  palm,  nearly  four  feet  in  diaaietcr, 
at  Soissona.  Fruits  belon^ng  to  trees  allied  to  the  Arec% 
pine,  fir,  cocoa- tree,  &c.  have  been  discovered  in  several 
localities.  The  abundance  of  fruits  of  numerous  genera 
belongitig  to  hot  climates,  that  are  accumulated  in  tlie  hit 
of  Sheppey,  has  already  been  mentioned  (aiftej  p.  232) 
Beds  of  lignite  or  hrofvn  coaly  occur  at  Bovey  Triicey  in 
Devonshire,*  and  in  various  parts  of  France,  the  Nether- 
lands, &c. 

30.  Ambek,^ — ^Tbe  beautiful  substance  so  remarkable  ibf 
its  electric  properties.  Amber,  is  a  production  of  tbe  ter- 
tiary  epoch,  and  is  highly  interesting  in  a  geological  point  of 
view,  from  its  containing  insects  and  other  organic  bodl* 
The  Amber  in  cototoou  use  is  cbiefly  obtained  from  ^ 
marine  beds  of  lignite  in  Prussia,  and  along  the  coast  of  tbt 
Baltic  9  this  substance  being  washed  up  by  the  action  d" 
the  sea,  and  drifted  on  the  shore.  It  is  a  fossil  resins  th* 
product  of  an  extinct  species  of  pine  (Pinm  mmniff^y 
Insects,  spiders,  small  crustaceans,  leaves,  and  fragiii«i** 


*  Seo  MeilalB  of  Craation,  voL  i.  p.  SI 
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«if  vegetable  tissne,  are  imbedded  in  some  of  the  masses. 
Upwards  of  800  species  of  ineects  have  been  observed  ; 
mo&t  of  them  belong  to  species  and  even  genera  that  appear 
to  be  distinct  from  any  now  known  ;  but  others  are  nearly 
lelated  to  indigenous  species,  and  aome  are  identical  with 
tidstiDg  formSj  that  inhabit  moi-e  southern  climes. 

Tbc  forests  of  Amber-pines  were  in  the  south-eastern 
part  of  what  is  now  the  bed  of  the  Baltic,  in  about 
55'  north  latitude,  and  37" — 38°  east  longitude.  The  dif- 
ferent colours  of  amber  are  derived  from  local  chemical 
idmixture*  The  amber  contains  fragments  of  vegetable 
matterj  and  from  these  it  has  been  ascertained  that  the 
amber-pine  forests  contained  four  other  species  of  pine,  and 
several  Cypresses,  Yew^,  and  Junipers,  with  Oaksj  Poplars, 
Beeche%  &c. ;  altogether  forty-eight  species  of  trees  and 
itrubs ;  constituting  a  flora  of  a  North  American  charac- 
ter. There  are  also  some  ferns,  mosses,  fungi,  and  liver- 
worts,* 

3L  Zoophytes,— Poly paria,  or  corals,  and  other  zoo- 
pJiytes,  abound  in  some  of  the  marine  strata,  but  the  species 
■l3Pe  aot  very  numerous  in  the  British  series.  Several 
kinds  of  torbinoha,  caryophylliaj  fungia,  and  other  corals^ 
tTti  figured  and  described  by  authors.  I  Lave  a  few  speci- 
Mns  from  Grignon,  presented  to  mc  by  the  late  Baron 
Cti?ier*  The  modern  tertiary  (those  of  Palermo  for  ex- 
*mple)  abound  in  various  kinds  of  flustra  and  sponges* 
Tiie  coralline  strata  of  the  Crag  are  almost  wholly  made 
up  of  a  few  forms  of  Tuhuliporidw  (p.  224)* 

Aa  elegant  small  Asirea  has  recently  been  found  at 
Bracklesbam  in  Sussex,  by  Sir.  Bowerbank.  Some  of  the 
^ary  strata  of  North  America  abound  in  corals.f 


•  ProfesBor  Goppert :  Geol.  Proc.  1845. 

t  Gcob  Journal  J  No.  4,  p.  496  ;  Report  on  the  Corals  from  tho  Eocene 

IJiioceue  of  North  America,  by  Mr*  Loaedale, 
R  2 
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32.  SaElLS  OF  THE  TEKTiAitr  STRATA,— The  shelb  of 
Ihe  tettiaiy  epoch  already  determined  by  natttralists, 
amount  to  nearly  three  thousand*  We  haFe  Been  that 
some  of  llie  strata  are  aknost  entirely  composed  of  these 
remains  in  a  broken  and  compres^d  state,  and  many  seams 


LfGN.  38,— Ma1i1M£  £dCKNB  SBELLS  Of  TIIX  pAHlS  BA^IV. 

Fig.  \*  CyprasH.  inflata.  '1.  ArvelUa  canalifeni.  5.  Fu^ut  UdipUeiitui. 
4-  Cerfthhim  larnelloHuin,  5.  PleurdtoTna.  dentata,  G.  Lucina  lulcaUu 
7.  Ain()UllatJii  BigajBiini}^     jj^  Pectimculus  an^tttl-iruHmtUft. 

in  the  argillaceous  beds  consist  of  shell- dust.  In  aomc 
localities  the  shells  are  finely  preserved  ;  and  the  calcftire 
grossier  at  Grignon,  a  few  leagues  from  Pai-is,  has  long 
k*en   celebrated    for   its    beautiful   fossils;    hundreds  of 
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jeti  ap^gjgg  have  been  collected  from  one  small  area* 
MXifm  the  species  also  atwund  in  the  London  and  Hampshire 
nmym  atHigbgate,  the  laleof  Sheppej,  Hordwell,  Alam 
tajj  and  Whitecliflf  Bay ;  aed  at  Eogiior  and  BrackLesham, 
^  the  Su§aex  coast, 

^  "ft^e  selected  a  few  specimens  from  my  cabinel^  to 

"Qvey  au  {^t^^  ^f  their  usual  characters  and  appearance, 

t^p:*  38),     Although,  in  mentioning  the  names  of  these 

%  I  do  not  expect  that  any  but  the  scientific  inquirer 
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Liou,  30.— FnHRir-wArE;]!  vhx]^l»  of  tjtk  Fahii  babht. 

^es.  1,  2.  Eulimua  conicqa.  Piga.  3,  4.  Crcloatarna  iDumli.  Fig.  5, 
Limn»a  g^A^a.  Figs.  6,  ^^  PUnorbis  euomphalui.  Fig.  S,  PLanDrbIa 
cjrtinflrfcuB. 

m  endeaYour  to  fix  them  on  the  memory,  yet  it  may  be 
lefol  to  point  out  the  forms  which  prevail  in  these  tertiary 
sds  ;  for,  as  particular  fossils  are  confined  to  certain  strata, 
le  experienced  observer  can  often,  at  a  glance,  determine 
le  relative  antiquity  of  a  deposit  by  an  examination  of  a 
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few  species  of  shells.  The  whole  of  these  forms  mast  be 
familiar  to  jou,  as  thej  belong  to  genera  which  swarm  in 
our  present  seas.  The  CyprtBOy  or  Cowry  {Lign.  Z%yfig*  \\ 
and  the  AnciUa,  or  OHve  (Jig.  2),  are  weU-known  types. 
The  Cerithium  (Jig.  4),  belongs  to  a  genus  most  abundant 
in  the  sands  of  the  Paris  basin,  and  is  remarkable  for  the 
elegance  and  variety  of  the  fossil  species,  which  exceed  by 
three  times  in  number  their  living  analogues.  The  Ceri- 
thium  giganteum  attains  a  considerable  magnitude.  Some 
masses  of  the  Bognor  rock  are  almost  wholly  composed  of 
a  species  of  Pectunculus,  (Jig.  8.)  The  AmpuUaria 
(Jig.  7)  is  abundant  at  Grignon,  and  commonly  in  a 
beautiful  state  of  freshness. 

It  has  already  been  observed,  that  the  shells  of  fresh- 
water mollusca  possess  characters  by  which  they  may  be 
distinguished  from  marine  species.  This  small  selection 
(Lign.  39)  from  the  fresh-water  beds  of  Paris  will  serve  to 
illustrate  this  remark.  The  general  appearance  of  these 
shells  will  remind  you  of  certain  kinds  which  inhabit  our 
ponds  and  rivers ;  particularly  the  large  thin  snail  (^Limnma* 
Jig.  5),  and  the  discoidal  shell  (PlanorbiSy  Jigs.  6,  7,  8); 
while ^^5.  3  and  4,  (Cyclostoma,)  resemble  a  species  that 
inhabits  the  banks  of  lakes.  At  Headon  Hill,  Binstead, 
Calbourne,  &c.  in  the  Isle  of  Wight,  the  clays  and  lime- 
stones are  full  of  fresh-water  shells. 

33.  Fossil  Nautilus. — Several  species  of  Nautilus 
are  found  in  the  tertiary  strata  at  Highgate,  Sheppey,  and 
Bognor ;  those  inclosed  in  the  septaria,  or  indurated  argil- 
laceous nodules,  of  the  London  clay,  possess  considerable 
beauty,  and  admit  of  being  cut  into  sections,  which  admirably 

*  The  Limncea  and  Planorhia  are  generally  joint  inhabitants  of  our 
pools  and  streams.  They  are  pulmoniferous,  that  is,  possess  air- 
breathing  organs;  hence  they  are  obliged  frequently  to  rise  to  the 
surface  of  the  water  to  respire  the  air.— See  Plate  I.  of  my  Geology  of 
Ihe  laU  of  Wight :  in  that  work  the  name  of  the  first  genus  is  erro- 
neously printed  Limneus. 
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display  the  internal  structure  of  tlie  origin aL  I  shall  defer 
an  explanation  of  the  mechanism  of  these  shells  to  the  sub- 
sequent lecture,  when  other  genera  of  the  same  order  will 
come  under  our  notice*  Tlie  large  splendid  species  {Nau* 
tihis  hnpe?*iaiu)  of  which  hundreds  of  specimens  have  been 
collected  from  the  cuttings  at  Highgate  Tunnel,  and  the 
recent  railwaj  excavations,  is  figured  in  Sowerbj's  Mineral 
Conchology  ;  a  work  which  contains  coloured  repreaenta" 
tions  of  a  great  number  of  the  British  tertiary  shells.  I  will 
only  parti  cularijce  a  rare  and  elegant  species,  discx^vered  by 
Mr.  Wether  ell,  of  Highgate,  which  is  here  figured  of  the 
natural  size. 


flM.  40.— Nautilpb  ^siczac,  fivo«  Tim  hoistvon  clat,  FniMnaiiK  HitL, 

flH  tkt  cabinet  qf  Mr.  Wethrr^itL  ) 

Fijj.  l«  Side  view.    Fig.  2-  Front  view. 

This  sheU  is  remarkable  for  the  peculiar  character  of  the 
nepta  or  divisions^  as  expressed  in  the  specific  name  ;  the 
Biphunculus  extends  along  the  inner  margin.  The  septa 
are  distinctly  seen,  in  conseqtience  of  the  external  layer  of 
the  shell  having  been  destroyed  by  decomposition. 

34.    NirMMULITES  :     AND    OTHER    FORAMINIFERA.^The 

fossils  called  Nummulites  (from  their  resemblance  to  a 
coin)  belong  to  those  extremely  nriioute  forms  of  molluscous 
animals  which  are  termed  F&raminijh'a^  from  the  shells  of 
most  of  the  genera  being  perforated  all  over  with  openings 
:  foramina. 


3» 


.m* 


The  NtmuDnlite,  wiudi  »  ite  lu^m  <€  O^  aider,  !s  of 

poai^tomine&ffikd  mlttlfia^aiiiel^,.  Ite  outer  snrlaoe 
li  geoenJfy  ^nooth^  and  marked  iritli  fee  un^ntatuig  lines. 
Oa  fpfittiDg  Hie  aheU  tmnsvef^j,  it  U  found  to  consist  of 
terend  eo£l^  wMcli  ax«  dhidfcd  into  a  great  m^nj  cells  or 
cbaatliifs  bj  obEque  pmrtitioiis  {Lupi.  41,  ^/S^.  1),  lia^ii^ 
tto  oofiiflillsici^OD  witb  each  otli€r^  The  e^peeimens  wbich 
I  DOW  plaee  before  jou  {Li^ru  41),  are  from  the  liiDestoiie 


Fltf. 


ticir.  41,— KuMMUiriTXs,  t%om  the  cheat  pi-HAititi  os  Ectpt. 

tCr>««icrf  iff  Z)f*  George  Hail,  of  Brightom.) 

I.   HoriEoutal  aecUonof  a  Kummulite.    F%s.  2,  3.   NiimoiiiUtei,  witli  tte 
cxtcEiiiJ  plate  partJallf  r&mfl'^ed. 


which  constitutes  the  foundation  rock  of  the  Great  Pyramid 
of  Egypt,  and  of  which  that  structure  is  in  great  pait  com- 
posed- Straho  alludes  to  the  nummulitea  of  the  Pyramids, 
under  the  supposition  that  they  are  lentils  which  had  been 
scattered  about  by  the  workmen,  and  had  become  converted 
into  stone.  This  polished  pebble  from  Egypt,  is  a  silicified 
•"^HS  of  nuuimulitesj  the  markings  on  the  surface  bdog 
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sectioDs  of  the  inclosed  shellB.  The  Nummulitea  are  widely 
diffused  through  the  ancieot  tertiary  deposits,  and  form 
entire  chains  of  calcareous  hills.  They  constitute  immense 
beds  in  the  Alps  and  Pyrenees,  and  are  not  confined  to  the 
tertiary^  but  occur  also  in  some  of  the  secondary  formations. 
The  blue  clay  at  Bracklesham  and  Sfcubbington,  and  the 
calcareous  sandstone  of  Emsworth  and  Bognor,  in  Sussex, 
abound  in  Nuniniuhtes* 

In  North  America,  the  eocene  limestone  of  Sugg^FiUe, 
which  forms  a  range  of  bills  300  feet  in  height,  is  entirely 
composed  of  lenticular  bodies,  supposed  to  be  related  to 
this  genus.*  In  some  parts  of  France,  beds  of  nammulitic 
limestone  of  great  extent  and  thickness  occur,  and  are 
referable  either  to  the  lowermost  group  of  the  tertiary 
formations^  or  the  uppermost  of  the  cretaceous. 

35*  BoTAiiLE  — Many  of  the  foraminifera  have  cham- 
bered shells^  so  like  that  of  the  Nautilus,  that  but  for  their 
perforated  surface,  they  might  be  taken  for  embiyotic 
cephalopoda*  The  animals  of  these  polythalamia  (many- 
cbambered  shells),  have,  however,  no  relation  whatever  to 
the  nautilus,  but  are  of  a  very  simple  struct yre,  as  we  shall 
explain  in  the  next  lecture,  when  treating  of  the  Rotalifc 
of  the  chalk.  These  animalcules  swarm  in  many  of  the 
tertiary  strata  ;  in  the  annexed  sketch  {Li^n,  42)  are 
shown  two  specimens  adhering  to  a  very  characteristic 
shell  {YeTynetus)  of  the  Bognor  sandstone*  The  marine 
sands  of  the  Paris  basin  are,  in  some  localities,  so  fuU  of 
microscopic  forms,  that  a  cubic  inch  of  the  mass  contains 
upwards  of  sixty  thousand  foraminifera^t 

36,  Cbustaceaj^s  Anp  Fishes, — Of  the  higher  order  of 
crustaceans^  as  the  Crabs,  Lobsters,  &c.j  many  species  are 
*  I^ummuUteA  Mantelli  of  Dr.  Morton,  I  havo  not  btjen  ^ble  to 
detect  the  nummulitic  Htructnro  in  theee  foasila,  See  SynopBia  of 
the  Oigauic  BemainB  of  the  O0taceou&  Group  of  lS<aXk  America, 
Philadelphia,  1834. 
\  Medals  of  Creation,  vol.L  p,  221,  i 
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found  in  the  London  Clay,  and  other  tertiary  deposits; 
the  greater  number  are  extinct,  or  at  least  unknowD  to 


&"C9 


1  -  3. 

LiDir. 42.— FnfitL  Shells,  raon  the  Lowihjn  Clay,  at  Pikimbose  Hilv 
fCollf^cifd  itnd  dv^ctihed  ft^  Mr.  WetkfveU,) 
Fig*  1,  Two  tpeeitnena  of  t^ermtlm  B^^nnrienxU  ;  natural  tdix. 

S  and  3.    Porticn  of  tho  e&me  magnlAcd,  ta  show  more  dJttinctly  tiirb  tolnute 

RtiialiiC  which  adViere  to  tbeui. 
S»  Magnified  views  of  the  imaJJer  Rotalfa^  seen  in  r>ro61ej  and  Uterallf. 
3*  The  faiiie  of  the  larger  ipecimeo, 

naturalists*  As  the  external  configuration  of  the  shell  or 
cruitaceous  covering  of  these  animals,  is  conformable  to  die 
soft  parts  it  incloses  and  protects,  the  form  and  aize  of  the 
principal  viscera,  as  the  heart,  itomach,  &c,  may  be  ascer- 
tained from  the  markings  impressed  on  the  case  j  and  thus 
the  character  of  a  fossil  epecies,  and  its  relation  to  living 
types,  may  be  determined  by  the  experienced  zoologist, 
from  an  examination  of  the  carapace  and  other  parts 
of  the  shell.  Many  very  beautiful  fossil  crabs  and 
lobsters  have  been  collected  from  the  clay  in  the  Isle  of 
Sheppey  ;*  some  of  which  are  figured  and  described  by 
Mr,  Parkinsonjf  and  M*  Brongniart.f  In  the  tertiary 
*  Medak  of  Creationj  vol,  ii  p,  530. 
f  Organic  Remains  of  a  Former  World,  vol.  iii* 
I  Hi»txiire  Nat  Crast.  Fobs.  pL  viii.  figs,  fi  and  6, 
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limestone  of  Malta  a  species  of  Crab  occurs  in  great  per- 
fection, as  exempliiied  in  the  specimen  before  us  (liiffn,  43)» 
The  minute  crustaceans,  termed  Ci/pride^,  wluch  swarm  in 
our  poolsj  lakeSj  and  streams  of  fresh  water,  are  abundantly 
distributed  in  some  of  tbe  tertiary  Huviatilc  deposits** 


LiQX,  43.— FosRiL  CHJLBt  FHott   MMjTA.—{hfitf  the  naiufnt  *lZ4^). 

Fishes  of  the  Tertiary  Epoch.  The  fishes  that  have 
een  collected  from  the  various  groups  of  tertiary  strata, 
comprise  many  hundred  species,  belonging  to  all  the  ex- 
isting  orders  and  families  ;  but  some  of  the  most  ancient 
forms  either  do  not  occur,  or  are  but  feebly  repreaented-f 
Nearly  two  hundred  species  are  figured  and  described  by 
M.  Agassiz  in  his  splendid  work  on  fossil  fishes  ;  of  which 
between  forty  and  fifty  belong  to  the  universally  distri- 
buted family,  the  Sharks.  Teeth  of  various  genera  of  this 
voracious  tribe,  are  found  in  abundance  in  numerous  British 
localities.  J  In  the  Crag,  teeth  of  enormous  size  {  Carchch 
rodon)  are  often  met  with  ;  and  the  same  species  occurs  in 
the  tertiary  of  Maryland,     The  teeth  of  several  genera  of 

'  •  Medals  of  Creationj  voL  ii-  p.  119. 
f  See  Genealogical  table  of  the  class  Fishes,  la  M.  Agasaly/s  "  Be- 

^edaU  of  Creation,  voL  ii^  p.  fl23. 
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the  Ray  familyi  abound  in  the  clay  of  Bracklesham,  Hord- 
wdlj  and  the  Isle  of  Sheppey.  The  jaws,  covered  with 
their  dental  phites,  or  teeth,  of  several  species  of  the  Eagle- 
rays*  (MUwbatu)  occur  in  tlie  same  localities ;  ant!  tk 
maxillary  bones,  with  their  tuberclea,  of  those  extra- 
ordinary fishe^^  the  Chimmroids^  have  been  found  in  i 
remarkably  tine  state  of  preservation,  at  BrackleshamBtft  I 
Highgate,  lale  of  Sheppey,  &c.t 

The  swarms  of  fishes  in  the  strata  of  Monte  Boka,  m\ 
fit  Aix  in  Provence^  have  been  already  alluded  to:  and  our 
limits  will  not  admit  of  a  more  extended  notice ;  but  I 
may  add,  that  a  gigantic  Torjjtdo  baa  been  discovared  U 
Monte  Bolca*  The  only  existing  species  of  fish  knowa  in  i 
fossil  state  is  the  little  Malhtm  vilkmis^  which  inhahita  thr 
shores  of  Iceland,  of  which  fossil  specimens  occur  in  nudult* 
of  indurated  marl  or  clay,  along  the  coasts  of  that  u\iml\ 

As  a  concise  expression  of  the  Ichthyology  of  the  tertiirj 
epoch,  it  may  be  stated  that  the  fossil  fishes  approich  k 
their  characters  to  the  living  genera,  but  all  the  B^edm  m 
extinct.  The  newer  tertiary,  as  the  Crag,  contajn  pmm 
common  in  tropical  seas,  as  the  large  sharks  {Carckarim 
and  Eliigle-i-ays,  ^c.  In  the  eocene  or  most  ancient,  ss  tk 
London  and  Paris  basin,  Monte  Bolca,  &c,,  onethirdofllie 
Ichthyolites  belong  to  extinct  genera.]! 

37.  Reptiles  of  the  Tertiaky  Erocu. — ^The  reptilei 
of  the  Tertiary,  like  the  mammalia,  fishes,  and  other  elasse* 
of  animala,  more  nearly  approach  the  recent  types,  thun  tk 
fossil  reptilians  of  the  more  ancient  strata*  Ail  the  orim 
now  existing  have  representatives  in  the  deposits  of  thi* 
epoch-  In  the  London  Clay,  remains  of  Alligators,  Croco- 
diles, and  Serpents,  have  been  found  in  many  locaJitiei ;  iid 
of  the  Turtles  or  Chelonians,  detached  bones  of  tm 

*  Medatfi  of  Creatioa,  vol.  ii.  p.  62S.  t  Ibid.  p.  I 

t  Ibid.  p.  5S7.  $  Ibid  p*  < 

U  Ibid.  p.  670. 
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TortoiseSj  and  fresb-water  and  marine  Turtlea  ;  many  entire 
specimens  of  the  carapace  and  plastron,  have  been  obtained 
from  Siieppejj  and  Harwich.  Some  beautiful  examples 
have  also  been  met  with  in  the  Isle  of  Wight,*  The 
lower  jaw  of  an  Alligator  (A,  HaHtomensu)  with  the  teeth, 
was  found  in  Hordwell  Cliff  ;t  and  in  the  clay  Dear  Lym- 
in'*'ton  I  discovered  many  bones  of  a  crocodile  (  Crocodilns 

Spence?i)  :f  Lady  Hastings 

J^^^^  ,         ^fc  has  obtained  a  perfect  skull^ 

^^Bj^^^^  ^^^-     H  and  other  parts  of  the  skeleton 
^^^Hj^^"^^      Bl  *^^  ^  Crocodile,  from  the  same 
r  ^-t     ^^^9  -        11  liJcality. 
*f^-    ^P^'  H      In   the    eocene   strata  of 

c^^         ^n[         .  A  India,  Dr.   Falconer  found, 

with  the  colossal  tortoise  (p, 
164),  bones  of  other  tortoiaes, 
:iiu!  ga vials,  that  could  not 
bo  distioguished  from  those 
of  species  now  inhabitiag  In-- 
dia*  The  lacustrine  deposit 
of  CEningen  (p.  263),  has 
yielded  specimens  of  a  large 
extinct  species  of  Salaraan- 
den 

38*    Fossil  bihds,  —  In 

hu^^TMAiLTK^.  t^^  gypseous  building-stone 

of  Montmartre,  M.  Cuvier 
bund  many  bones  possessing  characters  peculiar  to  those 
of  birds  ;  and  after  much  research  he  was  enabled  to 
determine  several  fossil   species,   related   to   the  pelican, 

ta-larkj     curlew,    woodcock,    buzzard,    owl,    and   quail, 
L  some  examples  there  are  indications  of  the  feathers, 
*  Geology  of  the  IbIc  of  Wi^ht,  p.  112. 
f  Londoa  Journal  of  Geology  and  Palseontology,  piate  2* 
t  Geology  of  Oio  Islo  of  Wight,  p.  163, 


Lion.  +4.— FgjSBiL  BinOj  prom 
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and  even  of  the  air- tubes.  Sometimes  the  skeleUm 
ia  wantrngj  and  a  pellicle  of  a  dark  brown  subf^tancc 
alone  points  out  the  configuration  of  the  original  {Lt^fi' 
44 )i  Not  onlj  are  the  akeletons  and  feathers  of  bids 
found  in  the  tertiary  Btrata,  but  even  the  eggs  of  aquatic 
species  occur  in  the  lacustrine  limestone  of  Auvergne; 
tlicBe  have  probablj  been  formed  in  loose  calcareous  debrii 
along  the  borders  of  the  lakes,  in  like  manner  as  tlie  eggs 
of  turtles  inc rusted  in  the  modern  travertine,  on  the  skores 
of  the  Isle  of  Ascension  (p,  90). 

39.  Fossil  mammalia  of  Paris. — We  have  next  to 
consider  the  fossil  remains  of  the  mammalia,  whose 
skeletons  were  entombed  in  the  mud  of  the  waters  which 
formerly  occupied  the  site  of  the  metropolis  of  France,  an4 
the  surrounding  country.  The  gypsum  quarries  which  >jre 
spread  over  the  flanks  of  Sfontmartre  had  long  been  known 
to  afford  fossil  bones  ;  but  though  specimens  occasioonllj 
attracted  the  notice  of  the  naturalists  of  Paris,  and  collec- 
tions were  formed,  no  one  appears  to  have  suspected  tk 
mine  of  wonders  which  the  rocks  containedj  till  the  curioiity 
of  Baron  Cuvier  was  awakened  by  the  inspection  of  a  large 
collection  of  these  honesj  after  he  had  successfully  applied 
the  laws  of  compamtive  anatomy  to  the  investigation  of  the 
fossil  elephants  and  mammoths.  He  had  previously  paid 
but  little  attention  to  the  partial  accounts  of  fossil  lonea 
found  in  the  vicinity  of  Paria^  although  in  1768,  M.  Gucttard 
had  figured  and  described  many  bones  and  teeth. 

M.  Cuvier  now,  however,  perceived  that  a  new  world 
was  open  to  his  researches,  and  he  soon  obtained  an  extea- 
sive  collection,  and  found  himself,  to  use  his  own  expre^ion, 
in  an  ancient  charnel-house,  surrounded  by  a  confused  mm 
of  mutilated  skeletons  of  a  great  variety  of  animals.  To 
arrange  each  fi-agment  in  its  proper  place^  and  restore  onkr 
to  these  heterogeneous  relics,  seemed  at  first  a  bopebv 
task  1  but  a  knowledge  of  the  immutable  laws  by  which  t^ 
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organization  of  animal  existence  is  governed,  soon  enabled 
him  to  assign  to  each  bone,  and  even  fragment,  its  proper 
place  in  the  skeleton  ;  and  the  forms  of  beings  hitherto 
unseen  by  mortal  eye  arose  before  him.  **  I  cannot,"  ex- 
claimed the  illustrious  philosopher,  in  all  the  enthusiasm  of 
successful  genius,  ^*  express  my  delight  on  finding  how  the 
application  of  one  principle  was  instantly  followed  by  the 
most  triumphant  results.  The  essential  character  of  a 
tooth,  and  its  relation  to  the  skull,  being  determined, 
immediately  all  the  other  elements  of  the  fabric  feU  into 
their  proper  places ;  and  the  vertebrae,  ribs,  bones  of  the 
legs,  thighs  and  feet,  seemed  to  arrange  themselves  even 
without  my  bidding,  and  precisely  in  the  manner  which 
I  had  predicted."  The  principles  of  comparative  anatomy 
enunciated  in  the  previous  lecture  will  have  prepared  you 
for  this  result ;  and  I  need  not  dwell  on  the  application  of 
the  laws  of  correlation  of  structure  by  which  the  animals 


3  4 

Lion.  45.— Akimals  of  the  tertiary  epoch. 

Fig.  1.  Anoplotherium  gracile.    2.  Falseotherium  magnum.    3.  P.  minus. 

4.    Anoplotherium  commune. 

of  the  Paris  basin  have  been  brought  to  light.  This  group 
of  figures  {Lign.  45)  from  Cuvier's  restorations,  is  indeed 
a  splendid  achievement  of  Palaeontology. 
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The  examination  of  the  fossil  teeth  at  once  showed  liiat 
the  animals  were  herbivorous,  the  enamel  and  ivory  being 
disposed  in  the  manner  abready  explained  (p.  141);  the 
crown  of  the  tooth  is  composed  of  two  or  three  simple 
crescents,  as  in  certain  pachydermata ;  thus  differing  from  the 
ruminants,  which  have  double  crescents,  and  each  four  lines 
of  enamel.  Following  out  the  inquiry,  Cuvier  at  length 
ascertained  that  a  great  proportion  of  the  bones  and  teeth, 
belonged  to  two  extinct  genera  of  pachyderms,  related  to 
the  tapir,  rhinoceros,  and  hippopotamus. 

Every  one  is  familiar  with  the  forms  and  habits  of  the  two 
last  animals  ;  but  the  Tapirs  are  not  so  well  known ;  they 
are  a  family  of  pachyderms  confined  to  Sumatra  and  Soutii 
America.  The  Malay  Tapir,  a  stuffed  specimen  of  which 
may  be  seen  in  the  British  Museum,  sometimes  attains 
eight  feet  in  length,  and  six  in  circumference.  It  has  a 
flexible  proboscis,  a  few  inches  long  ;  its  general  appearance 
is  heavy  and  massive,  resembling  that  of  the  hog.  The 
eyes  are  small,  the  ears  roundish ;  the  skin  is  thick  and 
firm,  and  covered  with  stout  hair,  and  the  tail  short.  It 
inhabits  the  banks  of  lakes  and  rivers,  and  has  been  ob- 
served to  walk  under  water,  but  never  to  swim. 

40.  Pal^otheria,  and  anoplotheria. — It  is  unneces- 
sary to  enter  at  large  on  the  structure  and  habits  of  the 
animals  to  which  these  remains  belonged ;  for  even  the 
forms  of  these  extinct  beings  must  be  familiar  to  the  reader, 
as  Cuvier's  restorations  of  their  living  lineaments,  are  to  be 
found  in  every  popular  work  that  treats  of  the  ancient 
inhabitants  of  our  globe. 

The  Anoplotheria  are  remarkably  distinguished  by  having 
feet  with  but  two  toes,  as  in  the  ruminants,  and  are  the 
most  ancient  form  of  bi-hoofed  animal  known  in  a  fossil 
state.  They  had  an  uninterrupted  dental  system,  the  teeth 
being  placed  in  a  continuous  series,  as  in  man,  without  any 
interval  between  them.    The  A,  commune  {Idgn.  45,  Jig.  4), 
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was  eight  feet  long,  and  of  tlie  heiglit  of  a  wild  boar^  but  of 
a  more  eloDgated  shape  ;  it  Imd  &  long  and  thiek  tail,  which 
must  have  enabled  it  to  swim  with  facility,  like  the  Otter  i 
the  structure  of  the  teeth  indicates  that  it  browsed  on 
grass  like  the  horse*  The -4.  /^rarik  (Lifjn.  i^^Jitj.  1),  ao 
named  from  its  elegant  proportions,  was  of  the  size  and 
form  of  the  Gazelle,  and  must  have  lived  after  the  manner 
of  the  deer  and  antelopes, 

The  PaliEotkeria  resembled  the  Tapirs  in  the  form  of 
the  head,  and  in  having  a  short  proboscis,  but  their  molar 
teeth  were  more  like  those  of  the  Rhinoceros  ;  their  fore- 
feet had  but  three  toes,  instead  of  four  as  in  the  Tapirs. 
Upwards  of  eleven  species,  varying  from  the  size  of  the 
Ehinoceros  to  that  of  the  Hog,  have  been  discovered  in  the 
tertiary  s  trata  of  Fran ce.  The  P.  viagn u m  ( L igtu  4 5,  Jig,  2 ), 
wa^  of  the  magnitude  of  a  horse  four  or  five  feet  high,  with  a 
massive  head  and  proboseis,  and  short  extremities-  The 
P.  medium  was  one-sixth  smaller  than  the  American 
Tapir,  but  had  longer  and  slighter  legs  and  feet  The 
P.  mimts  {fig-  3)  was  an  elegant  creature  as  large  as  the 
Roebuck,  with  light  and  slender  limbs. 

Numerous  other  genera  of  extinct  mammalia  have  been 
discovered  in  the  eocene  strata,  and  their  characters  deter- 
mined by  Baroa  Cuvier,  Some  are  related  to  the  animals 
we  have  just  described  ;  as  the  Anthracotherium^  (so 
named  from  the  discovery  of  its  remains  in  the  anthracite, 
or  lignite  of  Cadi  bona,)  which  held  an  intermediate  place 
between  the  hog  and  hippopotamus.  Six  or  seven  species 
rf  camivora,  an  opossum,  a  squirrel,  dormouse,  &c.  have 
also  been  found  in  the  Paris  basin.  In  England,  remains 
of  several  species  of  Palfeotheria,  Anoplotheria^  and  other 
diaracteristic  genera,  have  been  discovered.* 

lo  the  miocene  strata  of  Touraine  and  of  Darmstadt, 

•  See  Prof*  Owea'a  Brilibh  Foaail  Mammalia ;  and  mj  Geology  of  the 
tri*  of  Wight,  p.  115. 
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rf^mniiu^  tif  tlm  uUiVe  extinei  ummmuliji,  mid  of  the  mw» 
totkm,  arfj  Tound  ii»(Vociiit.eil  with  tfifise  of  exmtlng  gi^uini* 

41,  Fossil  Monkbyb. — The  illuHtriaua  CuvuTt  whmt 
tiouimentiiig  on  ihe  emtraorfUnory  I'tiot,  llmt  iiuiong  th*" 
injiumcnible  rdicM  of  the  ummmaltu  which  ikmijiUhI  ik 
coniiDentB  and  klands  of  our  ]>hiiiet  during  th^  tcrtinrj 
ages,  no  traces  of  man  or  of  his  workis  occur,  cniphaticalli 
observt^l,  that  it  wob  a  p  hen  omen  oti  not  lees  fturpriniiig, 
that  no  remains  of  the  qundrumanous  trib^a,  which  rank  n«rt 


MttD  AT  KfMa«To>(,  mmm  WOOCWHTltOl.* 

¥\$,  L^TliP  oul^r  Jtide  qfthc  rwifh  an  it  Jrw 

2-— Vlow  cif  Iho  H]j«clrafn  ftfom  nboi^e,  ihowln|  Die  uppor  »urfl««  of  lilt  i*V"* 

of  th»  totiih. 
A.-^Vl«w  of  the  IttJtw  lido. 

to  the  human  ra^e  in  physicttl  eoit format! on,  should  \mn 
been  diicnvered  ;  and  that  the  cir(;^um8tflncc  w«j*  tlit*  wirtr* 
remarkable,  because  the*  niiyority  of  the  inaitimalia  fi>iitt^ 
in  the  drift,  and  iertiary  fk-fMisits,  have  thinr  con«onfr»  U 
the  present  time  in  the  wartneflt  regions  of  the  globe  \  i» 
those  intertropical  climates  where  the  eiuwting  cjiuMlramtf* 
*  From  Iho  Magaj'ini*  of  NivL  HUt,  vol  ill,  p.  4 IT, 
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are  almost  exclusivelj  iQcated.*  At  length  proofs  were 
obtained^  and  almost  at  the  same  time  in  France,  India, 
South  America,  and  Englanri,  of  the  e:x:i9tence  of  this  order 
of  anioiala  during  the  moat  ancient  tertiary  epochs. 

The  fossil  remains  are  referable  to  four  modifications  of 
the  existing  types  of  quadrtmiatia.  Those  from  France 
belong  to  an  animal  of  the  Ape  tribe  j  those  from  England 
to  the  3Iacaem;  the  Indian  fosails  to  a  species  of  the  long- 
Umbed  and  tailed  monkey s,  of  which  the  Negro  monkey  is 
aJi  example  i  and  the  relics  from  South  America  to  a  gigan- 
tic Capuchin  monkey,  f 

The  British  specimens  {Lign^  46),  were  found  in  a  bed 
of  eocene  sandj  at  Kyson  or  Kingston,  a  few  miles  eaat 
of  Woodbridge  in  Suffolk 4 

*  Diacourn  fiur  las  K^volutionBy  p.  171. 

t  The  QVAitRUMANA  OR  MONKEYS. — These  animals  come  nearest  to 
man  \n  the  form  and  proportion  of  ibeir  akoleton^  and  of  their  separate 
boaea ;  in  the  general  diBpositian  of  their  mu&cular  ByHtem,  and  its 
adaptation  for  a  iienii-erect  poHition  of  the  body ;  in  their  great  cerebral 
ofi^nization^  the  perfection  and  equable  development  of  their  sensefl  i 
their  intelloctnal  capacity^  and  conipUeated  instincts.  The^e  most 
elevated  of  all  inferior  ardmalB  are  fitted  to  select,  obtain^  and  digest 
the  TOCcuknt  ripe  frnits  of  trees,  and  are  destined  to  inhabit  the  rich 
and  fthady  forests  of  tropical  cUmatcR.  They  Icate  to  tho  squirrels  and 
the  slothe  the  biads  and  leaves  ;  to  the  ponderous  elephant  and  rhino- 
ceros  the  hranchee  and  the  stem ;  and  to  the  beavers,  and  other 
rodeutia^  the  hard  bark  of  the  trees.  Their  delicat-e  organisation  is 
adapted  only  for  the  ri  chest  products  of  the  vegetable  kingdom ;  and 
the  ftoft  and  nutritious  quality  of  their  food  ia  suitable  to  the  broad 
enftmelled  crowns  of  their  molar  teeth,  which  are  studded  with 
TOonded  tubercles:  their  stomach  la  simple.  With  a  high  corebral 
and  muscular  develop meut,  eorresiKjuding  with  their  elevated  rant  in 
J  he  scale  of  beings,  and  the  poBition  of  their  food,  they  are  the  most 
agile  and  sportive  of  all  mamnialia .;  and  they  are  provided  with  pre- 
hensile organs  at  every  point ;  their  teeth,  tidl,  feet,  and  hands  assist 
in  their  agile  movements,  aud  in  their  boundings  froni  branch  to 
hranchj  and  from  tree  to  tree-— i>i*.  Grant's  Leeivres  on  Compfirattm 
Anaimny. 

X  See  Prof.  Owen's  British  Fosail  Mammalia,  and  my  Medals  of 
Creation,  voi  li,  p.  863. 
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42.  Tertiary  btbata  at  Aix. — A  group  of  stnti 
remErkable  for  its  organic  remaingj  occurs  near  Aix,  a  town 
in  Provence,  wEich  ig  situated  upon  a  thick  deposit  of  le^ 
tiary  conglomerate.  The  series  on  the  northern  ^ide  of  tiw 
valley  consists  of — 1.  Tertiary  breccia^  the  lowermost  bei 
which  forms  the  site  of  the  town  of  Aix*  2.  Marl,  witJi 
fishes  and  insects*  3,  Gypsum  and  gypseous  mark,  cou' 
taining  fishes  and  insects,  leaves  of  palms,  and  other  plantu, 
and  fresh -water  univalve  and  bivalve  shells,  parti  cu  larljf  i 
species  of  cyclm^  in  great  abundance,*  4,  Frei^h-wBtrr 
limestone.  To  the  south,  extending  towards  Toulon,  ^ 
lacustrine   strata  of  red   marl,   with   compact  llm^tone 


w 


(Smerdit  minmiw.) 

incloeing  shells^  gyrogonites,  &c  ;  still  farther  to  the  soothj 
beds  of  grey  fresh- water  limestone  appear  ;  and  at  FureUf 
a  series  of  blue  limestones,  shalesj  and  coal,  is  eiten- 
sively  worked.  Fresh-water  shells,  and  seed  vessels  »jf 
Charm  with  other  vegetable  remained  occur  in  abundiw* 
in  the  coal-beds  and  intermediate  layers  of  shale. 

*  The  Cycka  mhjibits  lakea  &Qd  nmrahcH,  nnd  thcrefott^  deiuitMiJii 
liumstrme  origin  of  the;  dcpmiA, 
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The  marla  are  finely  laminated,  and  contain  ioBecta  and 
ihes  in  a  reiDarkable  state  of  preservation.  Tbe  fi^heB  are 
ery  numerous  j  one  small  specie^^  especially,  {Sfnerdii 
tinutttSf  Lign.  47, )  which  occura  in  shoals,  and  ia  found 

Puped  in  every  variety  of  posit ion^ 
[B*  Fossil  insects* — But  the  moat  extraorditiary  relica 
TB  the  fossil  iiiBects,  which  appear  as  tVesh  aa  if  enveloped 


9ig.  1.  Teifigonia  Mpumaria.  2.  M^Miophiiai  imbedded  while  in  tha  act  of  walking  ; 
the  orticiiiatluni  of  tbe  biHly  disti-nded  by  preiflum.  a.  Lathrtrbium,  i.  AUIod 
to  Ptfii^4riHa  Afl^jf n'pra.  The  liJiidcr  kj^ii  aro  broken  ofT,  and  otic  uf  thi:m  li 
iOmtMidt  MithJit  tti€  ^arti  nearly  touch  th«  tblj^b  ;  the  pn^pi  itralong  and  p^rfecl ; 

but  yesterday-  A  few  of  the  moat  interesting  forms  are 
liere  delineated  (iif^n.  48),  on  a  jslightly  enlarged  scale,  from 
the  pkte  accompanying  a  memoir  **On  the  Freshwater 


i. 


262  THIS  WQH0BBS  OF  GKOLOa? .  Urt.  Ill 

Fonniitiun  of  Alx^  lii  Province/'  by  Mr,  Lyell,  and  Sir 

All  tliB  iiiHcct^  belong  to  cnhting  gi'iiertt,  and  only  mv 
tipum^A  h  uquntie*t  'i'^ifs  anterior  iani  ans  gniif*rjdlf 
ubflturpj  i»r  diatortijd  ;  Inil  in  MiniB  Hfjf*cinn:n«i  the  cUin 
art*  viHible,  and  tlie  HCul|itiiro^  and  cvun  u.  4e*»ri?e  of  Local 
cdlotiring,  ant  (jrewfTVf'J*  ThtJ  ntsrvea  of  tli«  wing*  in  ik 
DipUra^  an<l  ihn  pnhmmnvA^  on  tlut  heiid,  arti  ilbtinctly  i«'<;a. 
SfivcTid  i>r  iKii  l>et:tlen  hav«  thw  wings  extended  b**yo!jd  XW 
i'h/lra^  iiH  if  lUt:y  Imd  fidlnu  inlo  tin?  wator  while  on  thi*  miij^, 
ntid  hn.d  ntnilc;  art  cdlort  to  OHciiJH^  t>y  fli^tit.  M.  M^m^l  dt 
Serr(38  haj^  en um« rated  nearly  Huventy  g^mera  of  io^tjctn, 
and  a  few  Aruchmdm,  or  Hpid<5rM*  Tliti  i«(?«t  irurioui  fact 
iH,  that  .sfyvw^f  r*/'  ///e  mtectM  am  iikuimd  rmth  ttpcam  n^kid 
firm  itihahit  Pmmm'^*  It  »ecm»  prohablca  that  tJiei-' 
wvTv  briMight  togetht^r  from  dliri'M^nt  lot^nlitii -^  ]> 
and  moinitinn  Htrt^ama ;  yet,  as  Mr.  Cnrtis  .il 
tin^ni  jnight  have  inhabited  moist  and  Mhail^  I^m-  -i 
laminated  marlK  ecintain  n\m  tbo  cnvimng^  of  ih 
wut*.T  (TU»tac(jan,  oM(*d  Cf/prh^  which  wwarnia  in  our  jhj<-1* 
and  tftagnant  watcfH^  and  iinji^t  br;  familiar  Uj  all  who  fiavr 
Bi*uii  tlie  tixliibition  of  the  oxy-hydrogen  microffcopf^  t  liiiaf 
cyprifke  being  eojnmonly  ftbown,  and  appcariiig  soxnewhn 
like  the  hoad  and  feet  of  a  floa  protnidlog  from  an  avuJtam 
at  sbifddj  mtti  Rwininiing  hyniearm  of  thdr  fine  <'///^,  wliii'li 
re»cmblr^  p(!ncilH  of  hair*  I'hcjMe  erij*itiw!eani!!  whed  tiwrif 
caiM3B  annually,  and  the  nurface  of  tbe  mod  sprr^ad  twnr  i1t« 
bottoinH  of  laktm  1m  olltfln  covered  with  their  n.^|ji*i!j.  Tfi* 
marirt  of  Aix,  m  well  m  of  nifiny  other  fre»li*wal«r 
frirnjatiimH,  abound  in  fomW  C^prhlm^  whieh  afteatiiMf 
eondtitutii  entire  seanii  or  tfiin  layers. 

The  seed-veiBeb  of  the  Chara^  a  common  plant  in  our 
ilitehos  and  pondi^  alio  oceur  in  pmrnHion  ;    thc^  wrrr 

•  J junntcm*!  Edinburgh  .rrximul,  Ibr  iH'ilTp 
t.  Prinolplofi  of  Oeologji  vt>i,  ill*  p.  21 U 
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formerly  supposed  to  be  sbells^  and  from  their  peGuliiir 
structure  received  the  name  of  g^roffonites^  wbieh  tbej  still 
bear,  altbougb  their  real  nature  has  long  since  been  ascer- 
tained.* In  conclusioiij  Mr*  Lyell  observers,  "that  this 
tertiary  series  ditFera  essentially  from  that  of  the  London 
and  Paris  basins*  The  great  development  of  regular  beds 
of  blue  Mme^toce  and  shale,  the  q^iality  and  appearance  of 
the  coalj  and  the  thickness  of  the  compact  grey,  brown,  and 
black  argillaceous  limestoues  and  sandstones j  give  them 
the  aspect  of  the  most  ancient  of  our  secondary  rocks  ; 
and  it  is  only  by  the  peculiar  species  of  fluviatile  and 
laenstriiie  shellsj  the  seed-Yessels  of  the  charge,  &c.  that 
the  comparatively  recent  date  of  the  whole  group  is  demon- 
strated." 

44,  Fossil  fox  of  CEningek.— Aiaong  the  tertiary 
lacustrine  formations  of  the  Continent^  there  is  one  ao 
much  celebrated  for  its  organic  remains  as  to  require  a 
passing  notice*  CEningen,  near  Constance,  has  for  centuries 
been  known  to  contain  fossil  remains  of  great  beauty  and 
interest,  A  short  but  graphic  memoir  by  Sir  R,  Murchi3on,f 
presents  in  a  few  linea  the  history  of  this  ancient  lake.  The 
Rhine,  in  its  course  from  Constance  to  SchaiThauseUj 
flows  through  a  depression  of  a  tertiary  marine  formation, 
known  by  the  name  of  3fofa^se,  which  forms  hills  on  both 
aides  of  the  riveiv  of  from  700  to  900  feet  in  beight*  In  a 
depression  or  basin  of  this  molaase,  is  a  series  of  strata 
composed  of  marls,  and  cream-colon  red,  fine-grained,  fetid 
limestone,  with  laminated  white  marl-stone,  forming  a  total 
thickness  of  thirty  or  forty  feet.  In  the  marl-stone^  leaves 
and  stems  of  plants,  insects,  shells,  Crustacea,  fishes,  turtles, 
a  large  aquatic  salamandeTj  birds,  and  a  perfect  skeleton 
of    an    ajiimal    allied    to   the   common   Foxj   have    been 

*  See  Medals  of  Creation,  vol.  i.  p,  187 ;  or  Geologj  of  the  Isle  of 
Wight,  p.  109. 
I^t  Geological  Transactions,  1832,  vol-  iii,  p.  277. 
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discovered.     Thii  last  foiBii  was  purchiised  by  SirE.Mu^ 

eUison,  for  wbum  I  developed  it,  and  removed  the  stone 
witli  whieli  all  the  bunea  wert;  tliii^kly  oneru^t^d,  eoaj^to 
ejtpoae  the  entire  skeleton,  which  *  lifters  but  KliifliLlv 
from  that  of  the  recent  siijecies  ;  it  is  figured  and  descriM 
in  the  Qeologieal  Trausactloni  for  1B32** 

A  tortoise,  three  feet  in  Iccigth,  with  the  cranium  andlxjoes 
of  the  neck,  tail,  and  of  three  uf  the  pate,  well  pre^^rvd, 
hm  since  been  discovered*     Sir  R.  Murchiaon  coududei 

*  iMthougti  there  wert5  c-orta-iTi  obvious  difTeronecs  betwwn  w»ia« 
purin  of  the  akeleton^  and  the  (^orreriponding  bonea  of  the  uxi^llf^ 
Npecioa  of  Fox  with  which  i  hud  tfae  moans  of  instituling  a  ^jompftrisoo, 
I  did  not  fetil  myself  wttrniiiiod  m  uJfirminf^  tho  fo^il  to  be  t«]wciScaI^ 
distinot  froiD  all  known  refleot  vulperinc  formd  ;  un  opinion  m  wbid 
Mr.  CUft  entirely  coneurr^d-  I  Ihoreforo  nimply  demgrii^ted  it  ilir 
Fos«it  Fo^x  qf  (J'^Tiingfn,  M.  Meyer,  however^  from  my  ligunsti  va^ 
lioMiriptionfi  only,  htm  deemed  it  right  to  iinpoiu  tht^  njuiic  of  Cmit 
pcUudrk;  dud  Hubmequenily  Prafoiiflor  Owen,  from  detecting  «  fe» 
idight  discrepanciea  upon  &  ri^orouM  eompftriHOti  of  the  foHnU  with 
recent  congenerous  forms,  ha»  reforrod  it  to  a  new  genua;  and  the 
tofmlt  which  eoat  m&  no  many  nights  of  patient  disM^Uon  U>  ik- 
velop,  U  now  enrolled  In  the  annaU  of  p^sienco  m  the  0(dfqf»m 
(Eningenm^  of  Prof,  Owtm,  iaeo  Oeol.  Journal,  voi  lii,  p.  55.  U  bM 
been  ahrowdly  remarked,  by  a  celebmtod  anonymoim  author,  that 
Diich  is  palBeoutological  refiuemunt  now-a-daya,  that  an  extra  |thcitSi» 
of  enamel  in  the  iuoth  of  a  fot^Bil  pachyderm,  or  ui  additional  tiotc^ 
on  the  tooth  of  a  i-arnivorc,  in  sufGcient  to  obtain  a  specific  ifii 
even  suh-g«neric  name  for  that  animal,  and  conalitule  ittt  origli  i 
nepardte  creation  !  If  thlft  be  admitted,  tho  iiJiity  of  »peole*aiiiiMflt 
be  deemed  a  chimora. 

A  late  eminent  naturalist  obMcrv^d,  *'  that  the  lawa  of  correLiUm 
though  so  admirabk'  in  the  results  of  iheir  application  to  eitjad 
form^^,  muRt  Htill  he  admittod  with  great  imution,  and  tome  limitation 
for  the  proiKirtions  of  many  animals  vaiy  greatly,  from  ag«  and  otliof 
ei  rcunistancoii.  ThuM,  the  legs  of  a  colt  are  relatively  much  lotiftf 
than  Ihoi^  of  the  adult  horae ;  and  were  wo  to  conclude  tmm  tk 
esstreine  siKc  of  tho  internal  condyle  of  the  arm-hone  of  the  Of^c*wf™* 
that  the  duwK  of  that  animal  are  e^nally  dcvclQi>cd  with  thoae  of  olben 
uf  (he  hiamo  order,  the  eoni*hiJ*lua  would  tie  erroneoua."— i/anfriii'' 
Medical  and  Fk^kal  HcsearchtSf  Philadelphki  l$M. 
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tbat  tliese  fresh-water  depOBits  are  the  contents  of  &  lake, 
^^nging  to  the  newer  tertiary  epocL  ;  mid  that  the  period 
fptheir  farmation  must  liave  long  preceded  tlic  present  con- 
dition of  tlie  country,  for  they  contain  some  unknown  species 
of  animals,  and  the  Rhine  has  worn  a  channel  tlirough  them 
to  the  depth  of  aeveral  hundred  feet. 

^■45.  FossrL  FISHES  OF  Monte  Bolo a. —Another  inte- 
^prting  assemblage  of  tertiary  strata  is  exposed  in  the  eele- 
lirated  quarries  of  Monte  Bolca,  thiit  are  situated  on  the 
tjorders  of  the  Veronese  territory,  about  iii^y  miles  NN.W. 
of  the  lagunes  of  Venice.     These  deposits  form  part  of  a 
^mge  of  hills  of  moderate  elevation  j  volcanic  deposits 
abound  in  the  neighbouring  Vicentinj  and  the  summit  of 
the  hill  ttt  Monte  Bolca  is  capped  with  basalt.*     Tliis  hill 
is    principally   composed   of  argiUaceous   and   calcareous 
strata,  with  beds  of  a  cream-colotired  fissile  limeatonej  whicli 
readily  separates  into  laminie  of  moderate  thickness,  and 
abounds  in  fishes  in  the  most  beautiful  state  of  preservation. 
They  are  all  compressed  flat,  but  the  scales,  bones,  fins,  and 
even  the  muscular  tissue  remain ;  their  colour  is  a  deep 
brown,  thus  admirably  contrasting  witli  tlie  limestone  in 
which  they  are  imbedded.     Several  hundred  species  are 
contained  in  these  quarries,  and  thousands  of  specimens 
have  been   collected ;   according   to   M,  Agassiz,   all   the 
species,  though  related  to  the  recent,  are  extinct.f     From 
the  immense  quantities  which  occur  in  so  limited  an  area, 
it  seems  probable  that  the  limestone   in   which  they  are 
imbedded  was  erupted  into  the  ocean  in  a  fluid  state  by  vol- 
canic agency  ;  and  that  the  fishes  were  thug  suffocated^  and 
surrounded  by  the  calcareous  mass.    Nor  is  this  hypothesis 
without  support,  for  on  the  appearance  of  a  volcanic  island 
in  the  Mediterranean^  a  few  years  since,  hundreds  of  dead 
fishes  were  seen  putrid  and  floating  in  the  waters  ;  and  it 

*  OrgHnk  Hema.lna  of  a  Former  World,  vol  iii.  p,  247, 
f  Bee  Kecherchas  sur  ks  PoiuBona  Fofisilei. 
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cannot  be  doubted  that  shoab  of  fiahe§  may  at  ilic  same 
time  have  been  enveloped  in  the  voleanie  matter  at  the 
bottom  of  the  sea,  ami  bei!c»Tne  compressed  and  prestirved  { 
and  wEien  the  mud  whifdi  envelope's  them  is  consobciatd^ 
and  the  bed  of  the  Mediterranean  elevated  above  tluj 
waters,  th<390  tishes  may  resemble  the  ichthyoUtes  of  Moite 
Bolca,* 

46.  Tektiary  voloanoks  op  Prance, — In  the  tormcr 
lecture  I  idltided  to  volcanic  action  as  still  in  actl?itj»  SbJ 
as  having  been  equally  energetic  in  more  ancient  pefiods; 
and  there  is  abundant  pixtof,  that  during  the  iiomense  Up9e 
of  time  comprehended  between  the  earliest  and  the  latest  d* 
tlie  tertiary  formations,  the  internal  fires  of  our  globe  w^rr 
not  dormant.  We  have  already  had  occasion  to  remirk 
how  rarely  the  former  geographical  relations  of  a  coaatr| 
are  preserved,  and  tliat  though  we  may  be  able  to  pronounefl 
with  certainty  that  this  spot  was  once  dry  land, — thil 
yonder  tJowed  a  river, — that  Iiere  is  the  bed  of  ati  ancient 
sea,— yet  we  can  seldom  determine  the  limits  of  the  oni?,  of 
trace  tlie  boundaries  of  the  other.  But  there  is  one  ro- 
markable  exception — a  districts  where  the  most  etrikisiig 
geological  revolutions  have  taken  place,  and  yet  theait* 
of  those  changes  still  maintains  its  ancient  physical  geo* 
graphy — that  district  is  Auvergne,  a  province  in  ceatnl 
France. 

Nearly  a  century  since,  two  French  academicians,  MM. 
Guettard  and  Malesherhes,  on  their  return  from  an  expli)- 
ration  of  Vesuvius,  arrived  at  Montehmart,  a  small  town 
on  the  left  banks  of  the  Rhone,  where  Fauja*  St,  Fotid,i 
distinguished  naturnlist^  was  sojourning*  These  savins 
wei-e  struck  witli  the  remarkable  character  of  the  parcmrali 
of  the  streets,  which  were  formed  of  short  joints  of  baf^ltie 
columtis,  placed  perpendicularly  in  the  ground  ;  and  apon 
inquiry  they  found  the  stones  had  been  obtained  from  iIm? 

♦•  See  Lecture  VUh 
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Mi^gbboiiring  mountains  of  tbe  Vivai*aii?,    This  information 
induced  them  to  survey  the  country  ;  and  upon  arriving  at 
Clermontj  the  capital  of  Aavergne,  atowo  witii  about  iSO^OOO 
inhabit  ant  Sj  they  were  satisfied  that  the  whole  region  was 
of  volcaTiie  origin  ;  for  in  the  vicinity  of  that  town  they 
discovered  consolidated  eurrenta  of  lava,  black  aud  rugged 
a£  those  of  Italy,  extending  uninteiTuptedly  into  the  plains 
beloWj  fmin  some  eonical  hills  of  scoria?,  which  still  pre- 
Hfved  the  form  of  crater 8-*     **  To  those  wlio  now  visit 
PBbtral  B'rance,  and  see  everywhere  unequivocal  marks  of 
fvolcanic  agency^--- the  numerous  hills  formed  entirely  of 
"  loose  cinders,  porous  and  diversified  as  if  just  thrown  from 
m  furnace;,  and  surrounded  by  plains  of  rugged  lava,  on 
which  even   the  lichen  refuses  to  vegetate, — it  appears 
scarcely  credible,  that  previously  to  the  last  half  century, 
no  one  had  thought  of  attributing  these  marks  of  desolation 
to  the  only  power  in  nature  capahle  of  producing  them. 
This,  however,  is  perfectly  natural,  and  not  without  ex- 
ampleii.      The  inhabitants  of  Hcrculaneum  and  Pompeii 
built  their  houses  with  the  lava  of  Vesuvius,  ploughed  up 
its  acorisB  and  ashes,  and  ascended  its  crater,  without  dream- 
ing of  their  proximity  to  a  volcano  which  wai  to  give  the 
first  proof  of  its  energies  by  burying  them  beneath  its  erup- 
tions ;  and  the  Catanians  regarded  as  a  fable  all  mention  of 
the  former  activity  of  Etna,  when,  in  I66i>,  half  their  town 
waa  overwhelmed  by  iu  lava  currents*'*! 

^  Beeliert!be8  sar  Igb  YctlcanA  gteintes  dii  Viv^rniii :  par  M.  Fat^jaa 
St.  Foad.    Parii,  1T7S. 

f  Geology  of  C^ntml  France,  tiy  0,  Ponlett  Scrope,  Esq.  F.B.S., 
1&27*  la  18U,  Profesaor  Plajfair  viaitcd  Ativergne,  and  concigely, 
but  gr&plikallj,  dcflcribtd  the  voleaaic  phenoideiia  there  exhibited* 
Mr,  Bttkcwell,  in  l&23j  drew  attGntioti  to  thb  rcmiirkELble  d [strict  in 
biB  "  Travels  ia  the  Tarcntaise,  by  Robert  Rale  ewe  11,  l^q"  2  vols. 
Sto,  I823i  and  subsequently  Dr.  Daubcny,  MeJiiari),  Scropc,  Lyell^and 
Mnwhiioti,  have  severally  published  higlily  interesting  memoirs  on 
the  geological  phenomena  of  AuTcrgnc. 


i 


268 


THE  WONDERS  OF  GEOUK3Y. 


LacT.  Hh 


47.  Extinct  volcanoes  of  Auteegite,  (Plate  IL)— 
Tlie  eouJitry  which  is  the  site  of  these  extinct  volcanoea  b 
about  220  Diiles  south  of  Faris,  and  forms  a  Tost  plain, 
lituated  in  the  department  of  the  Limagne  d'Anvergne, 
It  is  so  remarkable  for  its  fertilitj,  that  it  is  eallod  the 
Garden  of  Fraace  ;  a  quality  attributable  to  the  detritus  of 
the  volcanic  rocks,  which  eaters  into  the  composition  of  the 
soiL  It  is  Inclosed  on  ihe  east  and  west  bj  two  paxallel 
ranges  of  gneiss  and  granite*  Its  average  breadth  is 
twenty  miles,  its  length  between  forty  and  fifty,  and  ite 
altitude  about  lj200  feet  above  the  level  of  the  sea.  The 
surface  of  this  plain  is  formed  of  ^uvial  deposits,  com- 
posed of  granitic  and  basaltic  pebbles,  and  boulder%  re- 
posing on  a  substratum  of  limestone.  Hills,  of  vajious 
elevations,  composed  of  calcareous  rocks,  are  scattered 
over  the  plain  ;  and  the  river  Allier  flows  through  the 
district,  over  beds  of  limestone  and  sandstone,  except  where 
it  has  excavated  a  channel  to  the  foundation -rock  of 
granite.  The  hills  formed  of  calcareous  alluvial  deposits, 
are  the  remains  of  a  series  of  beds,  which  once  constituted 
an  ancient  plain,  at  a  higher  elevation  than  the  present 
Mauy  are  surmounted  by  a  crest  or  capping  of  basalt,  to 
which  their  preservation  is  probably  attributable  ;  others 
have  escaped  destruction  from  being  protected  by  hori- 
zontal layers  of  a  durable  limestone,  which  I  shall  pre- 
sently describe. 

We  have,  then,  as  the  ground-plan  of  the  district^  an 
extensive  plain,  chequered  with  low  hills  of  fresh-water 
limestone,  which  are  capped  with  compact  lava  {PL  11. 
fiff,  ni) ;  the  boundaries  of  this  tract  being  formed  of 
ranges  of  primary  rocks,  3,000  feet  in  altitude.  To  the 
westward  the  limestone  disappears,  and  a  plateau  of  granite 
rises  to  a  height  of  about  1,600  feet  above  the  valley  of 
Clermont^  being  3,000  feet  above  the  level  of  the  Bca. 
This  supports  a  chain  of  volcanic  codcs  and  dome-shaped 
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mountains  J  {PLlLJig*  n.)  about  seventy  in  number,  vaiy- 
jng  in  altitude  from  500  to  1,000  feet  from  above  their 
bages,  and  forming  an  irregular  range  nearly  twenty  miles 
in  lengths  and  two  in  breadtb.  The  highest  point  of  this 
range  is  the  Puy*  de  Dome,  which  is  43OOO  feet  above  the 
level  of  the  sea  {PL  JL  Jtff,  n),  and  is  composed  entirelj  of 
volcanic  matter ;  it  possesses  a  regular  craterj  300  feet 
deep,  and  nearly  1,000  feet  in  circumference.  Many  of 
these  cones  retain  the  form  of  well-defined  craters,  and 
their  lava  currents  may  be  traced  as  readily  as  those  of 
VesuTius,  The  Puy  de  Pariou  is  a  most  perfect  example : 
it  is  a  cone  covered  with  fine  turf,  both  on  the  ascent  and 
within  the  crater ;  the  latter  is  a  mile  in  circumference, 
and  very  deep,  sloping  downwards  at  an  angle  of  30°. 
From  the  lower  part  of  the  cone  a  current  of  lava,  which 
is  stiU  rugged  and  black,  has  issued  ;  and  the  plain  is 
covered  with  scorice  and  volcanic  cinders,  which  are  ex- 
posed to  the  depth  of  twenty  feet,  in  the  ravines  made  by 
the  winter  torrents. 

48*  Cbatee  of  Ptrv  be  Come*— One  of  the  most  re- 
markable cones  IB  the  Puy  de  Come,  which  rises  from  the 
plain  to  the  height  of  900  feet ;  its  sides  are  covered  with 
trees,  and  its  summits  preseut  two  distinct  craters,  one  of 
which  ia  250  feet  in  depth.  A  stream  of  lava  may  be  seen 
to  have  issued  out  from  the  base  of  the  mountain,  which  at 
a  short  distance,  from  having  been  obstructed  by  a  mass  of 
granite,  has  separated  into  two  branches  ^  these  can  be 
traced  along  the  granitic  platforms,  and  down  the  side  of  a 
hill  into  an  adjacent  valley,  where  they  have  dispossessed  a 
river  of  its  bed,  and  constrained  it  to  work  out  a  fresh 
channel  between  the  lava  and  the  granite  of  the  opposite 
bank.  Another  cone  rises  to  the  height  of  1,000  feet 
above  the  plain,  having  a  crater  nearly  600  feet  in  vertical 

*  Fup  is  the  name  given  in  this  provmoe  to  an  insulated  conieaJ 
hill. 
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valleys,  and  furrowed  by  many  minor  water-courses,  al! 
originating  near  the  central  eminence,  and  diverging 
towards  every  poiat  of  the  horizon.  The  beds  of  whieh 
this  group  13  composed,  consist  of  scoria,  puniice-itonet 
trachyte,  and  basalt;  theae  rocks  dip  off  from  the  centrai 
axis,  and  lie  parallel  to  the  sloping  Hanks  of  the  mountain, 
as  is  the  ease  in  Etna,  the  Peak  of  Teneriffe,  nnd  all  other 
insulated  volcanic  mountains*  There  is  no  crater;  aJl 
vestiges  having  been  destroyed  since  the  extinction  of  ite 
fires  *,  but  streams  of  lava  may  be  traced,  in  elevated  pcaks^ 
over  a  gorge  which  occupies  the  very  heart  of  the  mountain, 
and  they  extend  to  a  distance  of  many  miles.  A  remark- 
able natural  section,  worn  by  a  cascade,  at  a  short  diataooe 
from  the  bathR  of  Mont  Dore,  exhibits  tho  following  ittiAa 
in  a  deseending  series ; 

1,  PDrphyTitic  tmcliyto ;  a  volcanic  rock,  160  fe«t  in  tbickiHa. 
S,  Areuaeeoufi  tufa.  3.  Oohimnor  biutalL  4.  Breccia,  tnttde  up  of 
volcanic  fragments,  ccmenled  together  by  tuf»»  C.  Thick  b«di  of 
baaalt  6,  White  fcrru^nouB  tura^  enveloping  fra^nncnis  of  gnaite, 
baealt,  &e.,  and  travoreod  hy  reina  of  the  overlying  basal L 

I  may  add,  that  the  volcanic  vents  of  central  France  ire 
evidently  of  very  different  ages ;  8ome  being  of  inuneasc 
antiquity,  while  others  are  of  comparatively  recent  origtnj 
for  they  have  exploded  through  the  oldest  beds  of  basalt ; 
but  even  the  most  modern  belong  to  a  y^tj  remote  |Tcrind» 

50.  Fresh-water  strata  of  AtrvERGNE, — This  difttriii 
presents  a  aeries  of  alternations  of  fresh-water  limestoHe»i 
with  basalt,  scoria,  and  other  volcanic  productions,  based 
on  a  foundation  of  granite  and  gneiss.  Tlieae  beds  ocmt 
in  the  following  order,  beginning  with  the  lowest  or  mmx 
ancient  J— 

lat.  Clay,  aand,  and  breccia,  without  orgaale  remMnjk 

2d.  Limcatone  and  calcareoae  miirl,  in  atmta  nearly  honwnUl; 

about  900  fee  t  thick .   These  arc  entirely  of  fresh- water  origifti  fcr 

they  al)oun(!  in  ihella  of  the  genera  potumidei,  heliXf  plamri/ii, 

and  Hmnmii  which  are  known  to  inhabit  Ulcen  and  rivewt  Bme 
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^talll  bitumen  ;  otheta  ftre  entirely  made  up  of  the 
dis-worm  {hidvMa.  tulndaki),  eemented  together 
liy  calcareo-siliceous  matter.  (Thij*  speeitncn,  which  was  In  the 
caMnet  of  Faujaa  St*  Fond;  di^plnja  the  chanictet^  of  (Ms  re- 
markable concn^te  :  it  consistB  of  the  tuJies  orcaBeii  ofih&  hrvea 
oi  a  species  of  phrpganea^  or  may-fly, )  These  caaes^  T^hich  are 
formed  by  Ihe  adhoaioEi  or  sbelLg  to  the  outer  surface  of  the  dlkea 
case  secreted  by  the  insect^  are  abiindoned  bj  the  animal  when 
ItB  metamorphosis  is  KximpLeted,  and  layers  of  them  may  often  be 
Been  In  our  ditehea  and  lakes.  The  fossil  coaq^  have  he^o  cementocl 
together  by  f^lcareous  infiltration^  anil  form  a  eompuL-t  ^tone^ 
which  m  employed  for  building.  The  attached shoUa  are  so  minute^ 
ibat  often  more  than  a  hundred  are  aJ^ed  tu  a  siuglo  ease ;  jmd 
a  cubic  inch  of  the  limestone  inoludct§  ten  or  twdre  tiibea.  If) 
sajB  Mr.  Scrope,  we  eoimider  that  repented  atrata,  of  five  or  six 
feet  in  tbiiikncsa,  abnoat  entitcly  composed  of  these  foswils,  once 
extended  over  the  whole  pMn  of  the  Limagne,  occupying  a 
surface  of  many  hundred  square  miles,  we  may  have  ^Ktme  idea 
of  the  countless  myriads  of  minute  beings  which  lived  and  died 
within  the  bosom  of  that  ancii^nt  lake. 

In  the  limeatone^,  a^^^gociated  with  land  and  fre^h- water  s.hellB, 
and  renmins  of  terrestrial  plants,  are  bonee  of  Bpecies  of  paleoo- 
therinm^  anoplotheriutHj  lagomySj  marten,  dog,  rat,  tortoise, 
crocodile,  eerpent,  and  bird  a;  the  lava  eurrenta  that  have 
flowed  over  the  strata  have  produced  but  little  change  in  the 
organic  remains.  Tbia  {series  eompritica  bodu  of  gypseous  and 
laminated  marls,  with  intercalations  of  siliceouH  limestone,  con- 
taining impressions  of  lacuatrine  and  river  fthelle.  In  some 
localities,  the  freab-water  limestone  baa  an  intermixture  of 
volcanic  matter^  and  prcsenta  the  characters  of  a  sediment, 
slowly  and  tranquilly  deposited  in  a  lake,  into  which  aahes, 
and  fragments  of  rocks  and  scoriae,  were  projected  bj  a  neigh- 
bouring vokano;  while  some  beds  appear  to  have  been  formed 
by  a  violent  intmaion  of  volcanic  products^ 
Immense  beds  of  basalt,  sconee,  &e-,  spread  over  the  tabalar 
maaHes  of  freah-water  limoatone,  and  often  capping  the  summits 
of  the  lower  hills.  (PI-  IL  fig-  in.) 

Sand  sjkd  diluvial  gravel,  contaiiiiJig  liones  of  the  mast^on, 
elephant^  hippopotamus,  rhinoceros,  tapir,  horse,  boar,  hyenaj 
bear,  dog,  beaver,  hare,  &e. :  with  these  are  aa-^eiatod  lignite, 
and  other  vegctablo  remains*  Some  of  the  beds  of  limestone 
abound  in  seed-veaeels  of  char^  ;  and  the  larolnated  chiys  con- 
tjun  flahee,  with  leaves  and  stems  of  r^ds  and  other  plants. 

T 
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There  are  several  incrasting  springs  in  AuYergne,  largely 
impregnated  with  carbonic  acid,  which  have  deposiited  im- 
mense quantities  of  calcareous  tnfa.  These  issne  from 
fissures  in  the  granite  and  gneiss  rocks  that  form  the  base  of 
the  whole  territory,  and  are  spread  over  the  volcanic  foci 
whence  these  mineral  waters,  in  all  probability,  originate  ; 
numerous  thermal  springs  also  occur  throughout  the  district. 

51.  Successive  Epochs  of  Makkat.ta. — The  fossil 
remains  of  mammalia  found  in  the  sedimentary  deposits 
of  the  volcanic  region  of  Auvergne  are  very  numerous, 
and  comprise  many  of  the  most  ancient  species  of  the  Paris 
basin,  as  well  as  those  of  existing  ones.  They  are  sepa- 
rated by  Mr.  Lyell,*  and  other  eminent  observers,  into  three 
groups  ;— 

I.  Mammalian  remains  from  the  fresh-water  strata  overlying  the 
granite ;  these  comprise  bones  of  Palseotheria,  Anoplotheria,  and 
other  Cavierian  pachyderms,  associated  with  extinct  species  of 
Rhinoceros,  Horse,  Deer,  &c. ;  this  is  the  most  ancient  group. 

II.  Bones  of  Mastodon,  Hippopotamus,  Elephant,  Horse,  Tapir,  Elk, 
Antelope,  and  many  other  terrestrial  quadrupeds,  all  supposed 
to  be  extinct  forms ;  associated  with  existing  species  of  fresh- 
water shells.  Thene  are  from  the  lacustrine  deposits,  which  are 
separated  from  the  above  by  ancient  lava  currents  {bcLsalt). 

HI.  Fossil  bones  from  the  beds  of  sandy  marl,  and  alluvial  debris. 
These  are  referable  to  small  Rodents  (Lagomys),  and  nearly  fifty 
species  of  other  existing  mammalia ;  as  Mouse,  Squirrel,  Hare, 
Marten,  Dog,  Cat,  &c. ;  Hog,  Ox,  Deer,  and  Horse;  Progs, 
Lizards,  Snakes,  and  Birds ;  of  the  latter,  even  the  eggs  are  occa- 
sionally found. 

52.  Summary  of  the  geological  phenomena  of 
Auvergne. — In  the  calcareous  and  siliceous  limestones 
of  Auvergne,  and  their  associated  laminated  marls, 
gypsum,  lignite,  and  conglomerate,  we  have  a  general 
analogy  with  the  older  fresh-water  tertiary  formations 
of  Paris  ;  the  shells  and  plants  being  similar,  and  the 
quadrupeds  of  the  same  genera.     And  if  we  suppose  the 

♦  See  Proceedings  of  the  Geol.  Soc.  1845,  p.  76. 
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s  basin  to  have  been  elevated  above  the  water  during 
active  state  of  neigLbonring  volcaaoeSj  and  tbat  succes- 
streams  of  lava  flowed  over  it  a  sedimentary  deposits, 
e  should  have  a  series  of  phenomena  resembling  those  of 
^avergn* ;  with  the  exceptiouj  that  the  presence  of  marine 
>  I'emains  would  denote  that  the  baain  had  been  filled  with 
jbaLi  water,  and  communicated  with  the  sea.  The  facts 
(etibmitted  to  our  notice  appear  to  establish  the  followiDg 
sequence  of  physical  events. 

The  ele^Titioii,  after  the  depoaititrii  of  the  Rccotidary  limeatonea, 
of  the  whole  area  of  the  primary  roeks  which  form  the  founda- 
tion of  oentml  France, 
Llj.  A  period  of  tranqaillity,  durmg  which  freflh-water  !akea  occu- 
pied the  irreguLiT  hollows  of  the  distriet ;  the  neighhonrinif 
comitry  bcJEg  inhabited  by  piilseotheriaj  anoplotherla^  and 
other  extinct  mammalia^  whoso  bonoa^  together  witb  the  rellce 
of  the  then  ezlfiting  vegetation,  and  tlie  ahells  of  moUuscaj  be- 
came enveloped  in  the  tranquil  depositions  that  were  going 
on  in  the  lac  lib  trine  basins. 

Aaother  elevation  ef  the  diatrict  took  place,  a  new  sjitem  of 
takes  was  eatablishedj  and  the  coimtiy  waa  again  clothed  with 
fore&ts,  and  waa  mhabitcd  by  deer,  oxen,  rhinoceroaei,  and 
hyenas,  many  of  who«e  Rkeletous  became  imbedded  in  the  sedi- 
mentfi  of  the  watery. 

Jy.  The  volmnoes  became  active  j  explosions  took  place  through 
hiandreda  of  vents ;  traehyt.e  and  basalt  were  ejected^  and  in 
some  places  pierced  the  fresh- water  depositfl^  while  in  others 
they  overspread  them  with  sheets  of  lava.  Vegetation  still 
flourished,  aJid  the  reraaina  of  plants  were  entombed  in  the 
volcanic  products* 

klj-  Another  period  of  tranqnlflity^ — the  rivers  and  other  water- 
courues,  dammed  up  or  deranged  hy  the  lava  curronts,  formed 
new  channelsi  and  ai^nmulated  beds  of  ^^vel,  sand,  and  clay. 
Deer,  horsea,  oxen,  &c,  with  hyenas  and  other  <!amivora,  in- 
habited the  district ;  having  for  contemporarieB  terrestrial 
mammalia  of  species  wblcb  exist  in  Auvergnc  at  the  preaeni 
time.  Volcanic  emptlons  succeeded ^  and  continued  till  a  com- 
paiatively  recent  period. 

»tly.  Btreamn  and  rivers  of  later  date,  and  which  still  effect  the 
drainage  of  the  couDtrjj  began  to  wear  away  cbannels  through 
t2 
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the  beds  of  lava  and  limcBtone  to  the  primaiy  rocka  beneath, 
and  Intenect  the  conntiy  with  valleys  and  rayines,  apieading 
over  the  ancient  beds  a  thick  coyeiing  of  allnyial  BoiL* 

53.  Excavation  of  valleys  by  streams  and  kivebs. 
— There  is  no  district  which  exhibits  in  more  striking  cha- 
racters the  erosive  power  of  running  water,  than  Auvergne. 
In  many  places  the  basalt  is  colmnnar,  like  that  of  Staffa, 
and  the  Giants'  Causeway  ;  and  one  range,  on  the  banks 
of  the  Ardeche,  forms  a  majestic  colonnade  150  feet  in 
height,  extending  a  mile  and  a  half  along  the  valley  which 
has  been  channelled  out  by  the  river  that  flows  at  its  base. 

Mr.  Scrope's  description  of  this  process  is  highly  gra- 
phic. "  The  bed  of  the  Ardeche  is  strewed  with  basaltic 
boulders,  pebbles,  and  sand,  originating  from  the  destruc- 
tion of  the  columnar  ranges.  In  some  of  the  volcanic  cones 
the  beds  of  basalt  may  be  traced  issuing  from  the  crater 
and  following  the  inequalities  of  the  valley,  just  as  a 
stream  of  lava  would  flow  down  the  same  course  at  the 
present  time.  Yet  these  ancient  currents  have  subsequently 
been  corroded  by  rivers  which  have  worn  through  a  mass 
of  rock  150  feet  in  height,  and  fonned  a  channel  even  in 
the  gneiss  rocks  beneath,  since  the  lava  first  flowed  into 
the  valley.  In  another  spot,  a  bed  of  basalt,  160  feet  high, 
has  been  cut  through  by  a  mountain  stream,  and  very 
beautiful  columnar  masses  are  exposed.  The  vast  excava- 
tions effected  by  the  erosive  power  of  water  along  the 
valleys  which  feed  the  Ardeche,  since  their  invasion  by 
lava  currents,  prove  that  even  the  most  recent  of  these 
volcanic  eruptions  belong  to  an  era  incalculably  remote." 

54.  Extinct  volcanoes  of  the  Rhine. — I  have  dwelt 

*  This  account  of  the  volcanic  phenomena  of  Auvergne,  is  an  abstract 

of  the  interesting  Essays  of  Messrs.  Bakewell,  Scrope,  Lyell,  Mur- 

ehiflon,  Dr.  Daubeny^  Dr.  Hibbert,  MM.  Croiset,  Jobert,  Robert,  and 

Bertrand-Boux.    Mr.  Scrope's  work  cannot  be  perused,  even  by  the 

Aval  reader,  without  deep  interest 
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long  on  the  Phlegrasan  fields  of  Aiivergne,  that  but  a 
ei"  space  can  b€  atforded  to  another  group  of  tertiary 
dcaiioea*     Every  one  who  Las  asceuded  the  Rhine,  will 
Qember  where 

"  The  castled  crag*  of  DrachenfclRj 
Frowns  o'er  the  wide  and  winding  Rhine/' 

ag  one  of  the  Siebengehirgej  or   Seven  Mountaius, 
J  niEyeatlc  and  graceful  forme  suddenly  burst  on  the 


LlOV.  49.— Th*  DKA€B£HVSti. 

afglit,  rising  from  the  lerel  plains  on  the  right  bank  of  the 
river,  to  an  altitude  of  nearly  1^500  feet  These  picturesque 
objects  belong  to  a  group  of  extinct  vcJcanoes  ;  whilej  on 
the  opposite  side  of  the  river,  the  Eifel,  with  its  trater 
covered  with  scorise  and  cinders,  and  lava  currents  still  dis- 
tinctly visible,  attest  the  wide  area  over  which  those  ancient 
fires  once  ei^tended.  Unlike  the  district  we  have  just 
noticed,  the  foundation  rock  of  the  couhtry  is  an  ancient 
Bedimentiiry  deposit,  consisting  of  coarse  red  sandstone  and 
alale,   thrown  into  a  highly  inclined  position*     Through 
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iliese  beds  the  volcanic  eruptions,  consigtiDg  of  tracUjte, 
basaltj  and  other  modificatioaa  of  trap  rocks  and  scoiiRt 
have  forced  their  way.  The  basalt  is  black,  aod  very  com- 
pact, and  breaks  into  sharp  fragments ;  it  is  frequeatJj 
columnar,  and  the  separate  hexagonal  pillars  are  made  uae 
of  for  posts  and  payementSj  in  the  adjacent  towns.  Such,  sap 
Mr.  Horner^*  is  the  profusion  of  basaltic  pillars,  that  tbe 
walls  of  the  town  of  Lin^  are  wholly  buHt  of  these  materiilst 
placed  on  their  sides,  with  the  ends  projecting  outward 
The  streets  are  paved  with  the  smaller  columns  set  on  ei4 
thus  forming  a  miniature  representation  of  the  Giant/ 
Causeway  i  and  the  same  volcanic  product  forms  a  large 
proportion  of  the  walls  of  Bonn  and  Cologne,  The  second- 
ary strata  are  covered  bj  a  aei'ies  of  tertiary  depc^ts* 
consisting  of  sand,  sandstone,  clay,  and  lignite  ;  constitotnig 
what  is  termed  a  brown  coal  Jonriation.  Upon  th^ 
deposits  is  an  extensive  layer  of  gravel,  which  is  coverd 
by  a  deep  bed  of  loossely  coherent  sandy  loam,  or  raoi 
provincially  termed  JjOdss^  This  fine  earthy  detritus,  whiclj 
contains  recent  species  of  terrestrial  and  fresh -water  sheUa, 
forms  the  subsoil  of  the  vast  plains  in  which  Bonn  vnA 
Coblentz  are  situated,  and  extends  as  &r  as  the  falls  of 
Schaffhauaen. 

55.  Beowm  coal  formation. — As  the  usual  condidun 
in  which  bitumini^ed  vegetable  matter  occurs  in  thetertbiy 
formations,  is  well  exemplified  in  the  brown  coal,  or  li^Httir 
of  the  Rhine,  it  will  be  instructive  to  examine  the  charftct«fs 
of  this  deposit  somewhat  in  detail ;  for  we  ahull  therebj 
obtain  data  which  will  prepare  us  for  the  investigatiou  rf 
the  ancient  carboniferous  system.  This  formation,  whicfe 
is  spread  over  a  great  extent  of  country  on  both  sides  of  tl>f 
river,  consists  of  clay,  sand,  sandstone,  eonglomenta^ 
clay  and  ironstone,  with  lignite,  or  bituminized  wood,  of 

*  On  the  Geology  of  the  Envirooa  of  Bonn,  by  Leonard  Ecms, 
Esq.  F.R.S.     Geological  Transactions,  vol  Iv.  1836. 
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various  qualities,  disposed  in  distinct  beds,  and  intermixed 
with  argillaceous  matter.  Tlie  breadth  of  the  ridge  of  low 
hills,  formed  by  this  assemblage  of  strata  on  the  left  bank  of 
the  Rhine,  13  from  three  to  Bve  miles,  its  elevation  varying 
from  50  to  200  leet. 

The  lignite  occnrs  in  the  following  states  : — L  A  black 
earthy  and  pu I v er ii  le n t  eubstance .  2 .  Cone retionary  m a ssea , 
with  leaves  and  fragments  of  wood*  3.  Wood  in  various 
I  degrees  of  bituminization,  and  of  shades  of  colour  from  a 
I  light-brown  to  jet-black,  4.  Very  finely  laminated  masses 
of  bituminous  matter  and  clay^  of  a  dark  chocolate  colour, 
and  separating  into  elastic  fiakes,  as  thin  as  paper,  whence 
its  name  papierkohle  ;  this  substance  is  so  highly  bitumi^ 
nous  as  to  bum  with  a  bright  flame.  The  wood  is  gene- 
rally in  email  fragments j  but  stems  of  large  trees^  some* 
what  compressed,  occasionally  occur  ;  in  some  instances  the 
trees  are  imbedded  in  an  upright  position,  having  the 
roots  attached,  and  the  stems  passing  through  several  beds 
of  lignite.  In  many  examples  the  wood  is  so  little  changed, 
that,  like  the  timber  of  our  peat-bogs,  it  is  employed  in 
building ;  in  others  it  is  higbly  pyritous,  that  is,  impreg- 
nated with  aulphuret  of  iroUj  like  the  fossil  vegetables  of  the 
Isle  of  Sheppey, 

Mr.  Homer  is  of  opinion  that  there  were  extensive  fresh- 
water lakes,  in  the  sediments  of  which  trees  and  -plants^ 
drifted  by  land-floodsj  were  engulfed  ;  and  that  volcanic 
eruptions  were  simultaneously  going  on,  in  the  same  manner 
as  in  the  modern  submarine  volcanoes.  There  is  a  great 
fault,  or  dislocation,  in  this  brown  coal  formation,  which  he 
suggests  may  be  attributed  to  a  powerful  and  sudden  volcanic 
explosion,  that  probably  occa^oned  the  elevation  of  the  Sie- 
bengebirge,  and  raised  up  that  portion  of  the  coal-beds  which 
reposes  on  the  flanks  of  those  penks.  The  gravel  covering 
the  lignite,  must  have  been  strewn  over  the  plain  previously 
to  this  elevation^  for  it  is  found  on  both  aides  of  the  river  at 
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a  great  height,  aad  not  in  the  intermediate  plain, 
inductions  are  so  evident  as  to  require  no  commenti 

The  ancient  alltivial  deposit  called  the  Loess^  is  a  fine 
luanij  containing  fresh- water  and  land  ghella  of  miinj 
existing  species  ;  a  few  bones  of  tlie  horse  and  mamniotli, 
are  the  only  mammalian  remains  that  have  been  discovered.* 
From  the  extensive  distribution  of  this  bed,  and  its  (xxus* 
rence  at  varions  elevations^ — in  some  instances  on  the  ifank* 
of  mountains  lj200  feet  above  the  level  of  the  se%  at  otiieis 
spread  out  over  the  gravel  of  the  vast  plain  of  the  Rhiii€— 
it  is  inferred,  that  although  the  loess  has  been  depoaiied 
since  the  existing  system  of  the  hills  and  valleys  of  tlie 
country,  yet  great  changes  must  have  subsequently  taken 
place  in  the  [ihysical  geography  of  the  district  j  and 
Mr*  Lyell  statea  that  there  is  reason  to  conclude^  thsA 
since  the  deposition  of  this  fluviatile  loom,  all  the  W 
between  Switzerland  and  Holland  has  suffered  a  subsidcQoe, 
and  a  subsequent  elevalioHj  to  the  amount  of  many  hundred 
feet. 

56,    OtHEK     TERTlMtY      STEATA     OF     EdrOFEj     NoETH 

AmekicAj  &c. — It  has  already  been  mentioned,  that  stn% 
referable  to  the  period  comprehended  between  the  llppe^ 
most  secondary  formations  and  the  human  epoch,  occur 
throughout  Europe  ;  preaenting  in  some  instances  well- 
defined  groups,  with  marked  boundaries,  and  in  other^  v^ 
areas,  over  which  the  deposits  are  irregularly  spread,  TU 
geographical  relationts  of  the  tertiary  strata  to  the  eii# 
ing  lands  and  seasj  is  an  interesting  subject  of  inquiry,  btf 
on  which  my  limits  forbid  me  to  enter, f  I  may,  howcFefi 
obyerve,  that  Europe  must  have  possessed  many  of  its  moA 
striking  physical  characters  at  the  commencement  of  tk 
eocene  period  ;  and  that  its  present  configuration  has  hm 
jjroduced  by  the  conjoint  effect  of  successive  muUtion^i* 

*  Principles  of  Geology,  toI.  iv.  p,  33, 

I  Mr.  Ljeil's  Priacipleg  of  Geology  ahguld  be  coniiultfid. 
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the  rektiYe  level  of  land  and  water,  during  the  depoi^ition 
of  the  marine  and  fresh -water  strata,  reviewed  in  tlds 
discourse. 

In  North  America  the  researchea  of  Dr.  Morton^  Professor 
Vanuxejiij  Mr,  LjeUj  and  other  obaerversj  have  shown  that 
m  the  territories  of  the  United  States  eocene  and  miocene  de- 
posits extend  over  a  great  part  of  Maryland,  along  the  coast 
of  New  York  and  New  England,  and  occur  in  New  Jersej, 
Delaware,  Long  Island,  &c.  The  tertiary  beds  of  Maryland 
ConBiat  of  limestone,  clay,  sand,  and  gravel,  and  abound  in 
the  usual  eocene  sheila  ;  some  of  which  arc  identical  with 
European  tertiary  species  o£  turritella^  venerlcardiii^  fnm^ 
anciUat  &c*  The  remains  of  a  large  cetaceous  auiiQal, 
(named  Zmglodon  from  its  deeply  cleft  teeth)  are  found 
in  great  numbers  in  the  Americaji  eocene  deposits.* 

lufusorial  mark  of  Virginia*     The  towns  of  Richmond 

and  Petersburg  in  Virginia^  are  built  on  strata  of  siliceous 

marls  J  which  extend  over  considerable  tracts  of  country, 

and  have  an  aggregate  thickness  of  more  than  twenty  feet. 

These  marls,  whose  organic  composition  was  first  detected 

hy  Professor  W.  Rogers,  are  of  the  older  tertiary  (miocene 

or  eocene)  formations,     Tlie  investigations  of  Dn  Bailey 

have  showRj  that  these  earths  are  almost  wholly  made  up 

of  the  siliceous  cases,  or  shields,  of  infusorial  animalcules, 

termed   Navicular  Qhillonella^   Actinocyclmy   Coscinodi^- 

msy    &c  :    the  latter  especially  predominatej  two  or  three 

i  Species  forming  a  large  proportion  of  this  aggregation  of 

[illiinute  organisms.     The  Co^einodisci  (or  sieve-like  discs) 

Kte  elegant  saucer -shaped  shells,    elaborately  ornamented 

with  hexagonal  spots  disposed  in   curves^  and  resembling 

Xhe  engine-turned  sculpturing  on  a  watch  ;  they  vary  in  size 

/Vom  1 -100th  to  1-lOOOth  of  an  inch  in  diameter.     If  but 

ft  few  grains  of  the  Richmond  earth  are  prepared  for  tho 

^iiici'osfcope,  all  the  varieties  above  specified  are  generally 

*  See  Medals  of  Creation,  vol.  ii.  p,  82fl» 
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displayed,  so  largely  is  tbi^  marl  t^onapoaed  of  the  skdetans 
or  shields  of  animalcules  ;  in  fact,  very  few  inorganic  par- 
ticles enter  into  its  composition** 

57*  Alteeed  tektiary  strata  of  the  Anoes. — Bot 
striking  as  are  the  proofs  already  adduced  of  elevations  and 
subsidences,  and  other  effects  of  volcanic  agency  during  the 
tertiary  period,  they  sink  into  comparative  insignificaiici^ 
when  contrasted  with  the  enormous  changes  which  have 
taken  place  in  the  great  mountain  chains  of  South  Amerid, 
during  the  same  geological  epoch*  From  the  observations 
of  Mr*  Charles  Darwin,  we  learn  that  an  extensive  tertiaiy 
system,  analogous  to  that  of  Europe,  s^kirts  both  flanks  of  the 
primary  rocks  which  form  the  southern  chain  of  the  Andes; 
the  latter  having  suffered  a  certain  degree  of  elevation  be^ 
fore  the  deposition  of  the  former.  These  strata,  which  are  of 
great  thickness  and  extent,  are  separable  into  two  group  j 
the  lowermost  beds,  like  those  of  Auvergne,  repeatedly  alter- 
nate with  lavas  J  and  thus  denote  the  commencement  of  tb 
eruptions  of  the  ancient  craters.  Over  these  are  acdi- 
mulations  of  porphyritic  pebbles^  covered,  at  elevations  of 
many  huncked  feet,  by  beds  of  shells  of  recent  species  i  ind 
the  sides  of  the  mountains  appear  like  a  succession  of  sea- 
beach  os,  which  have  been  slowly  and  tranquilly  lifted  up* 
The  altered  character  of  the  tertiary  deposits  within  th* 
influence  of  the  igneous  products, — the  conversion  of  beds 
of  loose  pebbles  into  solid,  compact  rocks, — and  the  occur* 
rence  of  raetalliferous  veins  in  strata  of  comparatiret/ 
modern  origin, — are  facts  so  powerfully  exemplifying  ttw 
geological  principles  enunciated  in  the  former  lectiircSj  tlisl 
though  this  discotirse  has  extended  to  a  great  leiigtJi,  I 
cannot  omit  Mj\  Darwin's  graphic  description  of  these 
phenomena,  aa  originally  communicated  in  a  letter  to  Pro- 
fessor  Henslow,  of  Cambiidge,  dated  Valparaiso,  March  1S35* 

*  Bee  the  Article  "  Foadl  Animixicul^"  in  Medala  of  Crcitio^i 
vol,  I  pp.  224—228* 
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'  You  will  have  btuird  of  the  dreadful  eariUquako  of  the  20tli 
bniary*  I  m&h  mm&  of  the  geologitjtSj  wba  think  the  earth quakii 
F  these  limeg  are  trifling,  eould  Bee  how  the  eolid  rocku  are  shivered. 
L  the  town  there  10  net  one  houee  habitable ;  the  ruins  remind  nie  of 
tbe  druwingH  of  the  desolated  esy^tem  cities.  We  were  at  Valdiviu  at 
Ihe  time^  and  felt  the  ahoek  very  severely.  The  Henii,iti(>ii  was  Uke 
thit  of  dkatiiig  ever  very  thin  ice^  thut  ia^  difitini^t  nndulaiions  were 
pereepiible.  The  whele  sseene  of  Ceneeptioii  and  TuleAaua  its  one  of  the 
tnml  interesting  fipectaclea  we  have  beheld  si  nee  we  left  England, 
I  WBfi  mtich  pleased  at  Ohiloe  by  finding  a  thick  hed  of  recefd  oyater- 
^keif^  capping  Ih^  leriiary  plain f  otit  of  which  grew  large  foreit  trees. 
1  oah  proTt  that  both  Bides  of  the  Andes  have  riBen  in  this  recent 
^imod  to  a  eonsidersble  height.  Here  the  shell »  were  350  feet  abore 
the  ttea.  On  the  bare  sides  of  the  Cordiller&Sj  complieated  dy\m  and 
wedges  of  vjuioualy  coloured  rocks  are  ftecn  tr averting^  in  every  posaU 
hie  form  and  ihape,  the  same  formation^  and  thns  proving  by  their 
intersections  n  Buecession  of  violences.  The  Htratification  in  all  the 
mountains  h  beaut Lfully  distinct,  andt  owing  to  a  variety  of  colouring, 
can  be  seen  at  great  distanctjs,  Porphyritie  conglomerates,  resiaiig  on 
gnmite^  form  the  priricipal  masses,  I  cannot  imagine  any  part  of  the 
world  presenting  a  more  eitraordinarj-'  scene  of  the  breaking  up  of 
the  erust  of  the  globe,  than  these  central  peaks  of  tbo  Andes,  The 
ttnta  in  the  highest  pinnacles  are  almoEjt  universally  inelined  at 
fta  angle  from  7^"  to  80^  1  cannot  tell  yon  bow  much  I  ei^joyed 
■ome  of  the  views ;  it  is  alone  worth  coming  from  England  to  feel  at 
once  such  intense  delight.  At  an  elevation  of  from  ten  to  twelve 
thoUBond  feet  there  is  a  tranaparency  in  the  air,  and  a  confusion  of 
dittaaces,  and  a  Btjllness,  which  give  the  sensation  of  being  in  another 
world.  The  most  important  and  most  developed  formation  in  Chili  is 
the  poiphyritic  concrete.  From  a  great  number  of  sections,  I  find  it 
to  be  a  true  coarae  conglomerate  or  breccia^  which  passes  by  every  step 
in  «low  gradation  to  a  fine  clay-stone  porpbyry ;  the  pebbks  and  cement 

Ipigofni'flj/  porphyritiCf  HUat  la^t  (dt  i'b  blended  in  one  compact  rock. 

l^Phe  porphyries  are  excesiiively  abundant  in  this  chain,  and  at  least 
four-fifths  of  them,  1  am  sm'e,  Mve  been  tJtus  produced  /row*  nedt- 
jf^nfuri/  beds  in  mlu^  The  Uspellata  range  is  geologically,  although 
only  six  or  seven  thousand  feet  high,  a  continuation  of  the  grand 
eaatem  chain.  U  has  its  nucleus  of  granite,  conftistrng  of  beds  of 
parious  crystalline  rocks,  (which  I  have  no  doubt  are  Fubaciueous 
hrm,)  alternating  with  sandstone,  conglomerateflj  and  white  aluminous 
beds,  liko  decomposed  felspar,  with  many  other  curious  varieties  of 
dimen  t&ry  depoflit«.  In  an  escarpment  of  compact  greenish  sandstone^ 
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I  Jhnnd  a  Jitttail  wood qf  pdrijltii  trtf^*  hi  av^^imi  pa»it,m\im  futkr. 
tlio  Ktmla  wt'ru  incUiitHl  about  20"  or  no**  iu  iiuo  |Kiijil  of  the  treufl^iuid 
70"  to  tH«  utliur  ;  iliat  in,  Iteforu  tlio  liltj  ihoy  were  trulj  vorticul.  Tha 
gaudiilono  uoutiiitiH  of  muny  liorls^anttil  layors.  Elcvun  of  \\\i^  im-« 
liro  iJeffoctly  HiMolliuHi  anrl  ruhiCUihlu  the  dlcotylodououfl  wood  which  I 
foimd  at  Chiloo  und  CtFricoptiMii ;  the  rifJicr«,  lYoiM  thirty  io  I'ni'iy  Id 
ntimWr,  1  only  know  tu  1  >  1 1        fVcjiii  Ihu  aiialogy  of  form  and  poi«iii<jii; 

tUoj  GotiHiii^l  of  i^tiow  whii I riH  of  cuurnijly  ci^HUiyis'.Gil  tmrbolUliv 

of  lime,  Thu  hirgu^t  (nml  i-  i  ven  fi^tt  iu  circiimforiJiK'o.  Tlioj  ire 
rtll  elofiu  togctlier,  witliin  iin  IhuhIixhI  yiirdwj  lunJ  nboui  the  Humo  level; 
m>  whcro  oUe  t-oiild  1  find  any.  It  enanot  l>e  doubted  thftt  Mii?  U^cf* 
of  Ikia  (Uimlhtono  Jiftve  quietly  been  dui^oflitM  tHjiwouu  a  ehimpof  tttK^, 
whieh  were  fixed  by  iUeir  routs.  Tht'  amidatonc  re^U  uh  iatti;  i* 
mfi^'tfd  hit  "  gy"tni  bed^  appar^nUy  ahaui  tm*"  tlmtuMtml  frti  fhid,  uj 
Mack  miffik  tmni ;  and  uiftr  ihijt  ihtrn  (frf  (^t  IrftMt  Jii^e  ^'tind  tiltrt- 
naUo^fji  tif  itiiiili  riickHf  ami  a(/utottit  Halimrtitttrif  deptmiU,  atnmtnlin^ 
in  UtirkHtffi»  to  ntvfttd  thoiiHand  fetL  Aecordiug  tu  my  view  of  thn« 
pheuomenu^  tho  granite,  wbieh  form»  fioakH  of  a  HoigUt  probably  of 
1 4,000  fuel,  liaa  been  fluid  in  thu  tertiary  cpoeh  ;  ntrut4i  of  tiiat  \m\iA 
have  been  altered  by  it*i  fieat  and  D.re  traversed  by  dykoa  from  iU 
miiM«,  and  are  now  inclined  at  high  an^^lea,  ami  form  regubu  *ir  (nmd 
[dicated  atitieliiial  iincM.  Tn  conqfhtr  the  dwmft  fh^me  mimt  mit' 
fmnffttji/  uti'itta  and  tfumn  are  tra^iej*iit'ii  by  t^ry  nwnn'nnta  titir  m^iaiiit 
vtim  *if'  irufi,  mpprr,  arsemc,  #i7t«erj  and  tjoidi  urni  fhrjft*  can  fiftnttni 
0  t!ie  undcrf^mtj  tjrttniff^.  A  gold  mim  has  it&*n  ttmrked  cloie  tc  iks 
dump  of  adiciji^d  irt^tur 

58,  Tkktiary  SALiFEBOus  UBfOsiT.— Not  only  cod 
but  evori  extensivG  bcdj*  of  r<jck  ealt  occur  In  tiro  tcrtiiifjf 
system*  Tbe  celebrated  salt  mines  af  Galieiii^  of  which 
M.  Bout**  Imft  given  an  intereating  diBCription,  bidting  to 
thia  opocli.  Tlie  deposit  is  nearly  30<K)  ynrds  long,  lOGff 
broiwl,  and  280  yards  deep.  The  upper  part  of  tbt!  minr 
consinta  <d'  groen  salt,  witb  nudulew  of  gypsimi  in  inurL 
Tbe  salt  contains  in  Bome  placea  lignite,  bituniinouH  wtM 
and  rtbelU*  In  the  lower  division  nro  beds  of  iinmitt'i*o(D* 
mnrlH,  with  HgJiito>  impression)^  of  plnnljs,  and  veins  of  ?<ilh 
coari^e  Baadtjtona,  with  vogetiibh^  remains  ;  uluminotift  ad^ 

*  Journal  do  O^ologie. 


^KH^'oua  slmle,  and  indurati*d  calc^areoun  mai*!,  with  giil^^Litir, 

^Blf^»  and  fxypnnm, 

^B59>  UKTiiONrKCT, — ^Sc  numercui  and  varied  liave  bu«ii 

^wift  fjlientjnu^tm  [inwmteU  io  our  tiotirc^  Liml  ri  I'tmipria- 
beiiiiivG  retrospect  is  nect^Haary,  in  nrdur  to  f>l>tuin  u  correct 
idea  of  the  highly  interosting  deductions  resulting  from 
tfiM  g(*nenil  8ijrvi*y  of  thcs  tcrtiai'y  fornmlionH* 

In  tlio  newer  tertiarjt  or  pliocems  inrliuiing  the  nidTn* 
ttjuliun  t'p(K-h  of  ihii  luHt  lix-tuni,  thu  ibs^il  itiuuujh  in  Ihij 
alluviid  {lepoaitB  iJlbnl  itn'tHiteHtible  proof  tlmt  the  nuini* 
mothf  mastodon,  hippopotaniUH,  dmothiiriuin,  elk,  and  otln^r 
ofdos^al  unijnala  of  extinct  ipet^iea  and  generuj  t^i*^ethur  with 
bird«,  reptilos,  andenrnjvora,  inhabited  HnchdiMtri^^t/*  of  onr 
continents  h»  were  tltcn  abovn  the  watern  ;  wliile  tlie  oldur 
lijrlittryj  or  uoeene,  int;loRC  tJjc  boneu  of  lund  muinulii,  priii- 
clptilly  pnchydiTinB,  approximating  to  certain  rm^^ik  that 
now  exist  in  the  torrid  xom\  but  which  belong  to  extinct 
genera.  The  Hoas  anfl  lakes  of  that  remote  epoch  (UTupied 
ureas* J  the  greater  partof  whitdi  in  now  dry  lund  ;  and  rocks 
ojkI  mountains,  liilla  and  valloyH,  streami  and  riverSj  diver* 
Kifted  the  fturfane  of  countries  which  have  since  been  either 
destroyed,  or  entirely  changed;  tind  whose  past  existence  ig 
only  revealed  by  t!ie  deposits  that  were  aecunmlated  in  the 
lnkf*»  and  deltas,  Ijy  Htroams  and  rivers.  The  ocean  abounded 
in  moMni^cii,  eruKtaeea,  and  fighcB,  of  which  a  large  proportion 
i«  rcsfernhh?  to  extinct  species,  Croccfdiles^  turtles,  birtis,  and 
injects,  vvi^re  contemporary  witJi  the  pala^otheria,  and  anoplo- 
theria;  and  animal  organization,  however  varied  in  certain 
tyi^s^j  presented  the  same  general  characters  as  in  modern 
times;  tijo  extinction  of  spocicB  and  genera  being  then,  as 
ft0W|  in  constant  activity.  The  vegetable  world  also  con  I  ai  rjed 
the  amne  great  divisions  ;  there  were  foreBts  of  mk,  elm, 
unil  hewdi ;  of  firn,  [dncs,  arid  other  coniferous  treeM;  palms, 
tr«e-ferns,  and  tlie  principal  groups  of  our  modern  Horas  i 
while  the  water,  both  suit  and  fresh,  teemed  with  the  few 
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aud  simple  forma  uf  vegetable  structure  peculkr  to  libit 
element. 

The  state  of  the  inorgnnic  world  h  not  less  natnifist; 
the  abrasion  of  the  land  by  streams  and  rivers,— th<^  dft- 
striietion  of  the  sea-shores  by  the  waves,  and  the  fonnfttion 
of  beach  and  sliioglei — the  desoiatitjn  inflicted  bj  volcwik 
eruptions, — all  these  operations  were  then,  as  noW|  m 
activity*  The  bed  of  an  ancient  sea,  contaiDing  myriads  of 
the  remains  of  fishes? j  crustaceaj  and  shells,  now  form*  th« 
site  of  the  capital  of  Gr^at  Britain  ;  and  accumuladoni 
of  tropical  fruits  and  plants^  with  remains  of  crocodiles, 
serpents,  turtles,  and  birds,  drifted  by  ancient  etirrents 
from  other  climes,  constitute  Islands  in  the  estuary  of  die 
Thames  ;  while  the  sediments  of  inland  seas,  lakes,  and 
gulfs,  teeming  with  the  skeletons  of  beings  which  are 
blotted  out  from  the  face  of  the  earth,  compose  the  couatrj 
around  the  metropolis  of  France- 
No  t  withstanding  that  the  changes  in  the  relative  kvel  of 
the  land  and  sea  during  this  epoch  were  numerous  md 
extensive,  one  region  still  preserves  traces  of  its  originil 
physical  geography  ;  and  though  the  earthquake  h^  reat 
its  mountains  to  their  very  centre — ^thongh  hundred*  of 
volcanoes  have  again  and  again  spread  desolation  over  tlw 
land— and  inundations  and  mountain  torrents  have  eso^ 
vated  valleys,  and  chequered  the  plains  with  ravineft  aid 
water-courses — yet  the  grand  primeval  features  of  tbit 
country  remain  i  and  we  can  trace  the  boundaries  of  iU 
ancient  lakes,  and  the  successive  changes  which  ita  surfiKse 
has  undergone,  from  the  first  outbreak  of  its  volcanoes,  l# 
the  commencement  of  the  present  state  of  repose.  He 
lowermost  lacustrine  deposits  in  Auvergne,  which  tre 
spread  over  the  foundation  rocks  of  gneiss  and  granite 
unmixed  with  igneous  productions,  mark  the  period  tntf 
cedent  to  the  volcanic  era  ;  while  the  intrusions  of  lav*  iiw^ 
scoriae  in  the  superincumbent  strata^  denote  the  iir«t  erap- 
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tkms  of  Mont  Dome*  The  aucceeditig  period  of  tranquillity 
fe  recorded  in  charactcrii  alike  intelligible.  The  slow 
deposition  of  calcareous  mud — the  incrustation  of  succesHive 
fenerations  of  aquatic  insect?,  crustaeea,  moUuaca*  and 
infiisoria — ^the  imbedding  of  the  bones  of  mammalia,  birds, 
tnd  reptiles — ^the  accumulation  of  lignite  and  other  vegeta- 
ble matter — are  data  from  which  we  may  restore  the  ancient 
eoniitry  of  Central  France, 

It  waa  a  region  encircled  by  a  chain  of  granite  moun- 
tains, watered  by  numerous  streams  and  rivulets,  and 
possessing  lakes  of  vast  extent.  Its  soil  was  covered  with 
luiuriant  vegetation,  and  peopled  by  palaeotheria,  aiioplo- 
theria,  and  other  terrestrial  mammalia  ;  the  crocodile  and 
turtle  found  shelter  in  it;*  marshes  and  rivers  5  aquatic 
birds  frequented  its  fens,  and  imported  over  the  surface  of 
its  lakes  ;  while  myriads  of  insects  swarmed  in  the  air,  and 
passed  through  their  wonderful  metamorphoses  in  the 
waters.  In  a  neighbouring  region,*  herds  of  ruminants 
and  other  hcrbivora,  of  species  and  genera  now  no  more, 
jdtli  birds  and  reptiles,  were  the  undisturbed  occupants  of 
Bw>untry  abounding  in  palms  and  tree-ferns,  and  having 
^^ers  and  lakes,  with  gulfs  which  teemed  with  the  inhabi- 
tants of  the  sea  ;  but  to  this  district  the  fiery  torrents  of 
the  volcano  did  not  extendi  But  to  return  to  Auvergne  5 
a  change  came  over  the  scene— violent  eruptions  burst 
f^^rth  from  craters  long  silent  —the  whole  country  was  laid 
desolate^ — ^its  living  population  was  swept  away — all  was 
one  vast  waste^  and  steriUty  succeeded  to  the  former 
luxuriance  of  life  and  beaoty.  Ages  rolled  by — the  mists 
of  the  mountains  and  the  rains  produced  new  springs,  tor- 
rents* and  rivers — a  fertile  soil  gradually  accumulated  over 
the  cooled  lava  currents  and  the  beds  of  scoriai,  to  which 
the  sediments  of  the  ancient  lakes,  borne  down  by  the 
streams,  largely  contributed.  Another  vegetation  sprang 
*  The  Paris  basin. 
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up — the  mammoth  and  mastcwlon,  with  enormous  deer  md 
oxen,  now  quietly  brow.^ed  in  the  vei'dant  plains — other 
changes  succeeded — those  colossal  forms  of  lile  in  tbeir 
turn  passed  away,  and  at  lengtli  the  earlier  races  of  maD- 
kind  took  possession  oi"  a  muntry^  which  had  onee  more 
hecome  a  scene  of  fertility  and  repose. 

To  those  who  have  favoured  me  with  their  attention 
through  thia    discoursej   it  cannot  he  necessary  to  s?er, 
that  the  successive  changes  in  organic  and  inorganic  m- 
ture  thus  rapidly  portrayed,  are  supported  by  proo6  so 
incontrovertible,  and  traced  iii  cbaractexs  so  intelligible,  U 
to  constitute  a  body  of  evidence  with  which  no  human  tes- 
timony can  compete*     It  is  true  that  the  time  required  for 
this  succession  of  events   must   have  ex:tende4  over  111 
immense  period  ;  but  time  and  change  are  great  ontv  io 
relation  to  the  beings  which  note  them^  and  eireiy  step  we 
take  in  geology  shows  the  foDy  and  presumption  of  attenipt- 
ing  to  measure  the  operations  of  Eat  lire  by  our  own  brief 
span.     *'  There  are  no  minds,"   says   Mr,  Hcrope,   "thit 
would  for  one  moment  doubt  that  the  God  of  Nature  bi* 
existed /rom  ail  eternity  t  but  there  are  many  who  wuuld 
reject  as  preposterous^  the  idea  of  tracing  hack  the  Imlosj 
of  His  worfis  a  million  of  years.     Yet  what  is  a  million,  or 
a  million  of  millions  of  years,  when  compared  to  ctemit)*?''* 
Germany  presents  us  with  an  interesting  series  of  analo- 
gous changes,  effected  in  a  later  era*     The  outburst  of  tbe 
now  extinct  volcanoes  of  the  Ehine,  the  accumulatioa  of 
iiuviatilc  silt  over  the  plains,  and  the  subsequent  elevtijoa 
of  the  whole  country,  show  that  these  physical  mutatigns 
were  not  confined  to  a  single  region  or  period. 

In  the  AndeSj  the  enormous  disruptions  and  elevati<iin5 

of  the  most  ancient  as  well  as  modern  d  epos  its,  teach  wn> 

that  through  a  long  lapse  of  ages,  the  volcanic  fires  of  Soutli 

America  have  acted  with  intense  energy  ;  and  yet  moft, 

*  Qeobgy  ot  Central  Frtuice, 
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that  the  melting  and  trail  sin  titati  on  oi*  loose  materials  into 
compact  rocksj  the  conversion  of  incoherent  strata  into 
solid  stooe,  ami  even  the  sublimation  of  gold  and  otht^r 
Baetali  into  fisgnre^  and  v<iins,  are  phenomena  which  have 
ttJten  plaee  since  our  seas  were  peopled  by  moUuHca  of 
exiating  apecies.  The  importance  of  these  extraordinary 
»Dd  interesting:  facts  will  be  rendered  more  obviona  in  a 
subset [uent  lecture, 

60,  Concluding  reilajrks* — In  eonclusion,  it  will  be 
useful  to  inquire,  even  thougli  j*ome  repetition  majr  be 
incurred j  what  are  the  legitimate  inferences  from  the  facts 
that  have  been  placed  before  tiss,  m  to  the  condition  of  our 
globe  and  its  inhabitants  during  the  tertiary  epoch  ?  Was 
there,  as  some  have  supposed,  an  CBsential  difference  in  the 
constitution  of  the  earth  ? — was  its  surface  more  covered 
with  lakes  and  marshes  than  now  7 — and  did  animal  life 
more  abound  in  those  types,  which  are  suitable  to  a  lacus- 
trine conrlition  ?™or  have  such  conclusions  been  drawn 
from  a  partial  view  of  the  phenomena,  and  do  the  facts  only 
warrant  the  inference,  that  certain  regions  which  are  now 
dry  land,  were  in  ancient  times  submerged  beneath  the  sea, 
or  covered  by  vast  lakes  ;  and  that  there  may  have  existed 
contemporaneously,  as  great  an  esc  tent  of  dry  land  as  at 
present,  in  areas  now  buried  beneath  the  ocean  ? — In  the 
fossilized  remains  of  the  population  of  the  tertiary  lands  and 
watera,  we  find  all  the  grand  types  of  the  existing  faunas — 
terrestrial,  lacustrine,  and  marine  mammalia — herbivora, 
camivora,  birds  of  eveiy  order,  and  of  numerous  species 
and  genera — reptiles-,  fishea,  Crustacea,  insects,  zoophytes, 
and  even  those  living  ai^ms,  the  infusoria — in  short,  all 
the  leading  divisions,  and  subdivisions  of  the  animal 
creation*  In  the  vegetable  world  the  same  general  analogy 
is  maintained  ;  and  as  all  these  varied  forms  of  being 
required  corresponding  physical  conditions,  we  have  at  once 
conclusive  evidence  that  the  general  constitution  of  the  earth, 

i i 
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and  the  correlation  between  the  organic  and  morg&nic  king-  1 
doms  of  nature,  during  the  tertiary  epoch,  were  eaaentiftHf  I 
the  same  as  at  present.  Dry  land  and  water,  continenli 
and  islands,  existed  then,  as  now, — ^  their  geographical 
distribution  may  have  varied,— tJie  temperature  in  certain 
latitudes  may  have  been  much  higher, — fertile  co u n  tries  may 
have  oceupied  areas  now  covered  by  water,  and  marshy  and 
fens  have  prevailed  in  regions  now  arid  and  waste  ;  but  the 
same  agents  of  destruction  and  of  renovation  were  then  in  m 
constant  activity  as  at  present.  It  is  true  that  immen*^  iiiiid» 
hers  of  large  mammalia  He  buried  in  redoes  where  such  cfeir 
tures  could  not  now  find  snbsiBtence,  and  in  latitudes  wlieit 
the  climate  ic»  at  this  time  unsuitable  to  such  forma  of  < 
organization.  But  some  of  these  apparent  anomalies  may 
be  explained  by  the  fact,  that  the  alluvial  beds  in  whicb 
theJ^e  remains  occur  cannot  have  been  the  sites  of  the  dryland 
on  which  these  extinct  beings  existed;  they  are  the  sediiaeols 
of  ancient  lakes — the  deltas  of  former  rivers — the  estuariei 
of  seas — they  are  formed  of  the  detritus  of  the  land  trtns^ 
ported  from  a  distancei  and  spread  over  areas  then  submeifed 
beneath  the  waters.  If  the  Gulf-stream  annually  strews  tb* 
shores  of  the  Hebrides  with  the  fruits  of  torrid  cUjnes,  th* 
curfents  of  the  ancient  seas  must  have  produced  analaigtiQi 
results  ;  and  in  our  attempts  to  interpret  pa  at  changes,  it 
must  not  be  forgotten  that  they  have  most  probably  been 
produced  by  causea  similar  to  those  which  are  still  in  actiflo. 
I  do  not  question  the  assumption,  that  some  of  the  coanfrio 
containing  these  fossil  remains,  may  have  enjoyed  a  mil^ 
climate  during  the  tertiary  ages  than  at  preaent ;  of  tlai 
in  still  more  ancient  periods  there  may  not  have  prevAiled 
a  much  higher  temperature ;  but  it  appears  to  me,  that  tir 
variation  of  climate  which  a  change  in  the  relative  dis&i* 
bution  of  the  land  and  water  would  occasion,  as  suggested 
by  Mr-  X-yell,* — and  a  difference  in  the  radiation  of  W 
•  PrinciplM  of  Geology,  vol.  i,  chap*  viL  I 


COKCtUDlNO  REMARKS. 


291 


I  int4^rrml  «oun'eSv  eb  ex|jlahietl  by  Sir  J.  nfrH(*hel  und 
liabbage, — may  iu*comit  for  all  tJjt»  [lix^rioiriena  of  itiiR 
Etiire,  which  our  examination  of  the  tcirtiary  formations 
I  revealed  i 

The  occurrence  of  groups  of  ttuimala  of  the  same  familiea, 
in  pertain  districts,  is  in  strict  conformity  with  the  distrihu' 
Cion  of  living  species  in  regions  not  under  the  control  of  man. 
Thus  when  ancient  France  presented  a  system  of  lakeji, 
animals  fitted  for  such  physical  conditions  found  there  the 
mean!*  of  subsistence — when  the  vast  plains  and  forests  of 
America  were  adapted  for  colossal  mammalia,  there  the 
mastodon  and  the  mammoth  obtained  ff>od  and  shelter — and 
when  the  former  continent  of  Eurojie  swarmed  with  her  hi- 
vora,  the  carnivorous  tribes,  as  the  lion,  the  tiger,  and  the 
hyena,  obtained  the  support  which  their  habits  and  economy 
requireth 

One  strilung  feature  in  the  events  that  have  passed  in 
review  before  us,  m  the  immense  scale  on  which  the  extinc- 
tion of  species  and  genera  seems  to  have  been  effected  :  but 
It  must  be  remembered,  that  our  observations  have  extended 
over  periods  of  vast  duration,  and  that  we  have  been  con- 
templating the  aggregate  effects  of  a  law,  which  even  in 
modem  times  has  produced,  and  is  still  producing,  great 
and  important  modifications  in  the  system  of  animated 
nature,  Jn  our  attempts  to  penetrate  the  mystery  which 
veils  the  early  scenes  of  the  ejirth's  physical  history,  by  a 
reference  to  the  effects  of  the  lawrt  which  now  govern  the 
organic  and  inorganic  kingdoms  of  nature,  the  caution  of 
the  illustrious  philosopher  Play  fair,  ehould  be  ever  present 
to  our  minds: — "If  existing  causes  appear  to  be  inade- 
quate to  the  effects  produced,  it  may  be  only  that,  in  respect 
to  man,  their  movements  are  too  slow  to  be  perceived.  The 
utmost  portion  of  the  progress  to  which  human  experience 
can  extend,  is  evanescent  in  comparison  of  the  whole,  and 
list  be  regarded  as  the  momentary  increment  of  a  vast 
u  2 
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progresaioii,  circumscribed  l>j^  no  other  limita  tkan  the 
diiration  of  the  world.  Time  perform  a  the  office  of  iaie- 
grating  the  infinite  small  parts  of  wliich  the  progressioB  i» 
miide  yp — it  collects  them  into  one  scene,  and  produce? 
from  them  aa  amount  far  greater  than  bmj  that  cm  h 
assigned  from  humaa  observation,"  * 

Thus  the  tertiary  epoch  displays  to  us  a  state  of  ibe 
globe  replete  with  life ;  the  physical  constitution  of  the 
earth's  suriace,  and  the  condition  of  the  land  and  se4ij  being 
adapted  to  the  habits  and  economy  of  beings  of  the  samft 
types  of  organization  as  those  which  exist  at  the  present  tjjue; 
In  the  most  ancient  periods  certain  forms  of  life  prevaild, 
and  gradually  became  extinct^  and  were  succeeded  by  titUtira 
which  in  their  turn  also  passed  away  ;  and  in  tracing  the 
varying  types  of  vitality  from  the  earliest  ages,  we  perceive 
a  gradual  approach  to  the  present  condition  of  organic 
nature,  in  the  contemporaneous  existence  of  extinct  fomu 
with  those  which  now  exist  ;  the  grand  line  of  separation 
between  the  present  and  the  past  being  the  creation  of  th€ 
human  race.  From  that  era,  in  proportion  as  Man  lias 
extended  his  dominion  over  the  earth,  many  races  of  aniflial^ 
have  been  cither  exterminatedj  or  niodrfied,  by  his  caprice* 
or  necessities  ;  and  it  cannot  he  doubted,  that  in  the  lapse 
of  a  few  thousand  years,  vast  changes  will  be  effected  b/ 
human  agency  alone,  in  the  geographical  distribution  and 
relative  numerical  proportion  of  many  of  the  eadatinggeaam 
and  species  of  animals. 

*  llluBtrationaof  the  Hattoman  Thwty. 
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.  itttoidiictoo'i  2.  rormBtions  of  ttie  Secondary  Epanth.  5.  Crct^eedUii  FormatioTi, 
4,  Chalk  Dovnii.  5.  Flint  nodules  bud  velna.  f?.  Orf^anir  rem  aim  in  ftint, 
I*  Aitlmalculoi  in  flint.  8.  Xanthidia.  U,  Middlt;  und  Lower  ^roup^  of  tl3« 
crctact?DU4i  itraU.  10.  Fulketone  CliiTa.  IL  CretaceQiia  itmin.  of  Masi^tiichL 
JS.  The  MoABitJiuJ'tis^  13.  CretaceouB  depoiits  of  nth^r  coutitriet.  H«  Organic 
remains  of  the  Chalk  ForniatJfXUH  U,  Koasil  veget^blea.  16.  ZoophylCA  of  the 
Chslk.  1 T.  Animaknlitcs  of  the  Chalk,  ia.  Chalk  Rotoli^.  ID.  Chalk  dc'ttUus 
Ht  Ch&ring.  30.  BpirtilLnltiiit.  2L  CrinoLclea  of  tkie  Chalk.  ^2.  Star-fialu 
13.  Echinitefl.  24.  Skcllsi  of  tlie  Chalk.  15.  Cephalopoda.  2G.  Thu  Nautilun. 
17.  Ammonites  2$,  Tiirrilites  and  Ham  ilea .  29.  The  Bdemnite.  :iO,  CnistUr 
e«aiu  of  the  Chalk.  91.  Ffqhei  of  tht  Ctialk.  32.  Scalea  of  Fishes,  53.  Teeth  of 
SluifkB.  34.  Hypsodmi  and  other  UsheA.  35,  Fob»1J  SJuImon.  3£i.  The  Macropomn.. 
37.  Bei^it,  and  other  iiRheii  of  the  Chalk.  3^.  Hf^ptiles  of  the  Chalk.  39,  FbfisO 
Turtles     40*  Sunmmjy.— Tabular  arrasfeiDent  of  Smaex  Chajlt  flfibei. 


W*  Introductoet. — Tbe  knowledge  we  have  acquired 
Ifrom  our  investigation  of  tbe  phenomena  tl escribed  m  the 
[previous  lectures,  will  materially  facilitate  our  geological 
f progress,  by  enabling  ua  to  comprehend  the  former  efleeta 
of  those  physical  ageneieSj  by  which  the  surface  of  the 
earth  has  been  perpetually  renovated,  aud  maintained  in  a 
suitable  condiiictu  for  the  existence  of  suecessiTe  races  of 
aoi mated  beings. 

The  elevation  of  the  beds  of  seas  and  riverst,  and  their 
conversion  into  fertile  countries — the  submergence  of 
islands  and  continents  beneath  the  w  at  era  of  the  t>cean^the 
rapid  formation  of  conglomerates  from  shells  and  corals  on 
the  sea-shore— the  accumulatiDn  of  beach  and  gravel,  and 
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the  inliumatioii  of  animak  and  vegetables — the  alow  dqift* 
eition  of  Witdimenls  by  lukes  and  rivers — the  imheJdmgof 
innuitiertthk  geueimtions  of  insects,  untl  the  forinatlou  uf 
limestone  from  their  iilmoBt  invisible  skeletons — the  cim- 
Btruetion  of  solid  stone  out  of  fragments  of  bones  ntid 
rockt*,  shivered  hy  earthquakes— the  engulfing  in  eatuarici 
and  inland  mm,  of  land  animals,  hij-da^  and  reptiles— the 
conversion  of  organic  and  inorganie  ewkstancea  into  rock, 
from  the  infiltration  of  flint  and  lime  by  thermal  waters — tbo 
transmutation  of  submerged  ft^rests  into  coat  Hiid  hgnite*^ 
the  destructive  and  conservative  eiTccts  of  volcanic  erup 
tioiis — the  consolidation  of  sand,  gravel,  and  chiy,  into 
indurated  masses  by  heat — and  the  pfuduetion  of  metai- 
liferoua  veins  of  gold  and  silvefc"— all  these  phenomcim 
have  passed  in  review  before  us,  although  our  inquiri<« 
have  extended  through  j>eriod^  wliich,  however  vast  and 
retnote  in  relation  to  the  records  of  otn^  raet\  are  but  brief 
and  modern  in  the  pby.sical  history  of  otjr  platiet. 

The  geological  events  previously  dej^eribodt  though 
forming  a  connected  scries,  may  be  divided  into  periods, 
each  of  which  is  marked  by  certain  zoological  character* ; 
namely,  1st.  The  Mwhrn^  or  Human  Kpuck  :  2d.  Tlw 
Ehphantim*^  characterized  by  the  preponderance  of  blip! 
pachydermata  ;  3d.  I'he  Pahmtherian^  in  wliieh  antioib 
allted  to  tlie  tapirs  ]>revailed,  and  Europe  pit^sauted  « 
system  of  gnlfrf  and  lakes* 

2.    FOKMATIONS   OF   TU1£   BEUONUAnif    EPOCH, — We   jinp* 

ceed  to  the  consideration  of  an  antecedent  epoch,— ikil 
which  comprehends  the  Secondary  Formations*  lIithi;rto 
our  attention  lia^  been  principally  directed  to  deposits  con- 
fined witlnn  comparatively  limited  areas^  as  the  basins  ot* 
lakes,  gulfs,  estuaries,  and  inland  seas  \  and  the  supedirisl 
accumulations  of  drifted  in  ate  rials,  produced  by  the  action  of 
torrents,  rivers,  icebergs,  glucicrs,  inundations,  &e»  Weltift 
DOW  arrived  on  the  shores  of  that  ocean,  of  whose  spoib  i^ 
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sting  islands  and  eontinentsi  are  principal  I  j  composed  ; 
ie  flit  bom  less  depths  of  the  ancient  seas  are  spread  before 
y*,  and  the  relics  of  innymerable  myriads  of  beings  which 
^d  and  died  in  their  waters,  and  became  entombed  in  their 
jfouud  abysses,  remain,  like  the  mummies  of  ancient 
)tj  the  riiJent  yet  eltxiuent  teachers  of  their  own  event- 
history- 
[^A  reference  to  the  Tabular  Synopsis  {p.  200),  will  show 
the  secondary  formations  constitute  ten  principal 
i¥ifiions ;  Ti^s.  the  Cretacemmu  Wealdeft^  Oolitic  and 
TritusiCi  Penman^  Carbonifirous,  Deiwmun, 
furfan,  and  Cumbrian  systems,  each  containing  littoraii 
ind  oceanic  deposits  ;  sandstones  having  been  formed  amidst 
the  agitated  waters  of  tlie  sea  shores  ;  clays  in  tranquil 
bays  and  gulfs  ;  and  limestones  in  deep  water,  I  purpose, 
in  the  present  discourse,  to  explain  the  geological  characters 
of  the  first  two  of  the  series,  namely,  the  Chalk  and  the 
Wealdkn**  The  former  is  composed  of  rocks  that  haTe 
been  accumulated  in  the  depths  of  a  sea  of  great  extent ; 
the  latter,  of  the  sediments  of  a  vast  delta  ;  the  one  afford- 
ing a  striking  illualration  of  the  nature  of  ocmnw^  and  the 
other  of  Jfuviatih  deposits.  As  both  the  Chalk  and  the 
Wealden  are  fully  developed  in  the  south-east  of  England, 
tJie  phenomena  about  to  be  described  may  be  readily 
examined^  and  CQllections  of  the  peculiar  fossils  of  these 
formations  obtained,  with  hut  little  trouble,+ 

•  The  term  Wctldon  ta  d^^rived  from  the  German  Waldt  signifying 
I  Wood  or  Yotatt  The  Weald  of  S\isaex  was  formerly  m  Impeaotra- 
ble  forest,  called  Andt^rkla  by  the  BomanSj  and  Andr^adJiwa/ti  by  th« 
Saxons, 

f  Since  the  earlier  editions  of  thii  work,  the  Author' a  extea«i?e  ool- 
leciiou  of  the  FobhUs  of  the  Bouth-eout  of  Engl  and  has  b^n  pupchaaed 
by  the  TninteeH  of  the  Briiiah  filtiHeum.  A  brief  oomp^ndfum  of 
itA  con  ten  ta  was  puhUshed  by  the  Sussex  Royal  InBtitution,  under 
the  title  of  "  Descriptive  Catalogue  qf  Hie  MafUeilian  Mtateum  at 
Briffhicnr  Svo.  Brighton ,  183§ :  fifth  ^tion. 
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3,  The  Ceetaceous  or  Chalk  formation  * — The  pure 
wliite  liTiieatone  called  Chalh^  h  known  to  every  iJiie;  tnit 
in  the  nonienckturti  of  geology,  the  term  is  applied  ta  k 
group  of  deposits  very  dissimilar  in  lithological  composition, 
but  agreeing  in  the  nature  of  the  organic  rcmaiDS  whii' 
they  contain,  and  evidently  referable  to  the  same  gc  •- 
lo<^ical  epocli.  llie  series  essentially  consistiii  of  greoi)  ati^l 
ferruginous  sands,  clays,  ninrls,  and  grey  and  white  Hme- 
stonea,  ahonnding  in  marine  remains,  Witli  this  explanation 
it  will  be  convenient  to  employ  the  term  in  its  cje tended 
sense*  The  Chalk  Formation  comprises  the  following  prin- 
cipal subdivisions  t— 

1.  Upper  dialkf  with  ilittti      .     *     *    ,     \  Orate  Uanciti  of  liic 

2.  Limer  chalk j  without  ftiats      .    .     .     j  French  Gevlogistiw 

!   Chalk  marl      .    .    .    .    -  Omie  ttifiau. 

Upper  gi^en   m^d.  or      I  otauconU  cr«9^ 
(11  auco Elite  .     .     *     .      J 
4.  €kxUf  or  Folkaione  marl  *...., 

6.  Ore^mandf  or  Shanklim,  or  Lowor-    >  GlQucmie  ^dbhm, 

green-eand  ,..*.».../  Terrain  Ndoeomimh 

The  Chalk  is  generally  white,  but  in  some  conn  tries  ii  «f 
a  deep  red,  and  in  others  of  a  yellow  colour  ;  nodules  tiid 
veins  of  flint  occur  in  the  upper  division,  but  seldom  in  the 
lower  chalk  of  England.  The  Marl  is  an  argillaceous  lime* 
stone,  which  is  very  constantly  found  underlying  the  chuJk  t 
the  lower  beds  contain  a  large  intermixture  of  green  saed, 
and  form  a  coarse  calcareous  sandstone,  called  MresUm* 
Tlie  Gait  is  a  stiff,  dark  blue  clay,  abounding  in  sheBfl, 
which,  as  in  most  aririlliijceous  beds,  retain  their  peirly 
investment  unimpaired  in  lustre.  The  Greensand  is  « 
triple  alternation  of  sands  and  sandstone  mth  clays;  will 
beds  of  chert  and  fuller's  earth  in  Bome  localities. 

On  the  Continent  the  cretaceous  deposits  are  largely  de- 
veloped J  and  taken  as  a  whole,  the  chalk  formation  may  be 
described  as  extending  over  a  great  part  t>f  the  south-east  flf 
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Eigliind,  Northern  France,  Germany,  I>enmarkj  Sweden, 
jSuropean  and  Aisiatic  Russia,  and  of  the  United  States  of 
Borth  America*  Over  this  vast  extent,  the  organic  remains 
pre^nt  certain  general  characters,  sufficiently  precise  to 
ermine  the  nature  of  the  deposita.  Whether  imbedded 
pure  white  limestone,  coarse  sandstone,  blue  clay,  loose 
adj  or  compact  rock,  the  fossils  consist,  for  t!ie  most  part, 
ispecies  of  the  same  genera  of  shells,  corals,  sponges, 
Inites,  belemnites,  ammoniteSj  and  other  marine  animal 
iviae ;  fishes,  reptiles,  wood,  and  plants.  The  white 
clmlk  strata  extend  along  a  great  part  of  the  Hampshire, 
Sussex,  and  Kentish  coasts  ^  the  precipitous  heiidland  of 
Beaehy  Head,  and  the  cliffs  at  Dover  are  well  known ; 
these  natural  section s  exhihit  the  manner  in  which  the 
beds  have  been  displaced,  and  thrown  into  various  inclined 
positions.* 

Along  the  southern  coast  of  tlie  Isle  of  Wig  lit,  the  entire 
series  comprised  in  the  Cretaceous  formation  is  ex- 
posed to  view  I  and  the  characters  and  relations  of  the 
various  deposits  may  he  studied  with  faeihty,  either  on  tlie 
south»eastern  or  eouth- western  coasts  of  the  **  beautiful 
island/'  The  white  ciialk  strata,  thrown  into  a  nearly 
vertical  position,  and  boldly  displayed,  on  the  east  at 
Culver  Cl{ff\  and  on  the  west  at  the  Needkiii  traverse  the 
island  from  east  to  west ;  being  covered  on  the  north  by 
tertiary  deposits-  In  Sandown  Bay,  the  strata  have  an 
anticlinal  position,f  and  on  each  side  the  axis  of  eleva- 
tion, the  several  members  of  the  Chalky  namely  the 
greensand,  galtj  firestone,  marl,  and  chalk,  appear  in  their 

*  See  The  Fossils  of  the  South  Dot^tib^  or  lUustrationa  of  the  Geolo^ 
of  SuBsCJt,  1  vol  4to.  with  42  plates.  Geology  of  the  South-Eaat  of 
England,  1  vol.  Svo.  Medals  of  Creation,  Geology  of  the  lelo  of 
Wight. 

f  Anticlinal :  a  term  applied  to  strata  which  incline  ordip  to^rnrds 
each  other,  or  from  a  oeniral  axii,  like  the  ridge-Lilca  oti  the  roof  of  ^ 
hoasc 
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natural  order  of  succession,  A  similar  section  is  seai 
in  €!onipton  Bay  ;  while  along  the  Undercllffj  fttUenmossea 
of  the  upper  btada,  int<anningled  with  detritus,  form  tlm 
ruinous  cliffs  of  that  picturesque  tract ;  and  bejond,  at 
Black -gang  and  Atherfield,  the  greensand  series  constitufci 
the  line  of  coast  ;  the  Wealdcn  forming  the  clif!s  in  Brixton 
and  Brook  bays  ;  but  the  details  of  this  interesting  dbtrict 
are  so  fully  given  in  my  recent  work,*  that  I  need  not 
enter  at  length  upon  the  subject, 

4,  Chalk  Downs.— The  features  of  a  chalk  district  are 
very  peculioj",  when  the  surface  has  not  been  broken  up  for 
tillage,  or  is  not  concealed  by  dense  wowls  and  forests.    The 
rouxided  summits  of  the  liills  clothed  with  short  verdant 
turf — the  smooth  undulated  outlines  of  the  Downs,  unbrokfji 
save  by  the  sepulchral  mounds  of  the  early  inhabitant  of 
the  country- — the  coonibes  and  furrows,  ramifying  and  ex- 
tend in  ff  into  the  deep  valleys  which  abruptly  terminate  M 
the  base  of  the  hillSj  and  appear  like  dried  up  channels  of 
rivnlets  and  stream Sj  though  free  from  all  traces  of  alluvijil 
debris  ;  thus  bearing  the  impress  of  physical  operations  of 
which  the  agents  that  produced  them  have  long  since  paased 
away— are  phenoraena  tliat  must  be  familiar  to  every  one 
who  has  travelled  over  the  downs  *if  the  south-e4iat  of  Eng- 
land. Tliese  features  are  restricted  to  the  hilly  disstrietswhtirt: 
the  whiie-ehulk  ftirras  the  subsoii,  and  have  resulted  from 
the  peculiar  natui^  of  the  sedimentary  detritus  of  which 
the  strata  compnsed  in  the  upper  division  of  the  ei-etaceoiis 
system  are  composed.     For  wliere  the  lower  group  of  clay^ 
marls,  sands ^  and  sandstones  approaches  the  surface  and 
forms  the  subsoil,  the  country  is  broken  and  diversified,  mi 
the  landscape  presents  a  striking  contn^t  with  the  doi^D 
scenery* 

*  Geological  Excumions  round  the  I^lo  of  Wiifht  and  alonf  ^ 
lidjttccnt  Coast  of  Dorftet^hire,  1  vol.  Svo,  with  numerous  iUustoiiooii 
i*cctionfl|  map,  4[c>   H.  G,  Bolin,  London,  1847* 
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Tfm  nppnr  division  of  tfie  cretiM^eriuB  eijatem  is  uompcsK^d 
nfWilK  of  a  vary  peculiar  white  lijiiestone,  varying  in  thick* 
jmns  tVcmi  a  few  inches  to  8everal  fofit.    In  the  U]/ptr  Chalk 

»re  are  ntimcrous  parallel  rows  af  siliceous  nodtUes, 
led  flints,  dbposeJ  in  irregular  distauei^H  from  each 
other  ;  and  in  mine  places  sheets  or  suaruH  of  flint  are 
Ijiterealatid  between  the  ehiilk  strata,  and  extend  over 
considcTiible  areas*  The  chalk  is  abo  traversed  by  vertical 
&nd  diagonal  veins  of  flint  The  only  metallic  aulmtances 
ire  oxide  of  manganeae,  in  the  stutc  of  dervdritieiLl  or 
lU-boresctiOt  tnarkinga  ;  and  oxides  and  j^uljihurets  of  iron. 
Iron-pyrites  frequently  confliituteH  the  casts  of  shells,  echini, 
ki*. — the  surface  of  the  mineral  retaining  sharp  imprints 
of  tlic  ext-ernal  characters  of  the  originah 

The  white  chalk  is  composed  of  lime  and  carbonic  acid  j 

and  a  microscopical  analysis  proves  it  to  be  a  mere  aggre* 

pition  of  siudls  and  corals,  so  minute  that  upwards  oi'  a 

ijllion  arc  contained  in  a  cubic  inch  of  the  rock  ;   the 


Unit.  .10.--CM*i,«-tH]»T;  littflily  inaifnlned,  iweti  by  f^ectsd  U^ht, 
{  Ffotif  '•  Tkoaffhlj  on  a  Ftt/lHer  J 

Imorpliotii?  particles  appear  to  ht^  the  detritus  of  similar 
structures,  and  not  a  cbemical  precipitate.  The  ap|jeamnce  of 
m  few  atoms  of  chalk-dust,  under  a  highly  niaguifyiog  jwwer, 
is  sliowu  in  this  Ogurc  {Li^Ji.  50)>    These  organisms  are  the 
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calcai'eous  cases  and  shells  of  the  nii  i  male  ules  termed  Fe^rti- 
tninifern,*  which  swarm  in  inconceivable  numbers  iu  our 
present  seas,  and  aredailj  and  hourly  contributing  to  tbe 
amount  of  sediment,  now  ae cumulating  in  the  bed  of  Ibfi 
ocean* 

5,  Flikt  XOD0LES  AiTD  YE1N9. — The  ^fiinU  (as  the  aili- 
ceoua  nodules  are  generally  termed)  occur  in  horizontil 
rows  or  layers,  generally  parallel  with  the  lines  of  stratifi- 
cation of  the  chalk,  but  placed  at  unequal  distances  fr^n 
eacli  other.  They  are  of  all  sizes,  from  that  of  a  snmll  aafi 
to  maaaes  several  feet  in  circumference.  But  besides  tbeae 
parallel  beds,  there  are  sheets  of  flint  intercalated  between 
the  chalk  strata,  and  covering  areas,  often  many  mile^  in 
extent*  These  continuous  layers  are  termed  tabular  flint ; 
they  are  seldom  more  than  two  or  three  inches  in  thickne*.^ 
and  veins  and  threads  of  silex  frequently  ramify  from  them 
into  the  Assures  of  the  surrounding  chalk.  This  tabular  flii*t 
is  generally  solid  throughout,  but  sometimes  incloses  a  layer 
of  chalky  matter,  full  of  the  usual  minute  organisms  of  the 
chalk.  Vertical  and  diagonal  veins  of  flint  filling  up  cre- 
vices and  fissures  in  the  rockj  and  traversing  both  the 
strata  of  lime?) tone  and  any  sheets  of  tabular  flint  that  mlj 
be  interposed,  are  of  common  occurrence  ;  these  prove  that 
the  lower  beds  w^ere  consolidated j  and  had  subsequentlj 
been  fissured,  before  the  superimposed  strata  were  deposited, 
and  the  streams  of  siliceous  matter  flowed  over  them. 

The  nodules  and  veins  of  flint  that  are  so  abundimtiii 
the  upper  chalk,  have  probably  been  produced  by  tk 
agency  of  heated  waters  and  vapours.  The  perfect  flaiditjF 
of  the  siliceous  matter  before  its  conaolidatioiij  is  prof^ 
not  only  by  the  sharp  moulds  and  impressions  of  shelK^ 
retained  by  the  flints,  but  also  by  the  presence  of  numcroes 
organic  bodies  in  the  substance  of  the  nodular  masses,  tiwi 
the  silicified  condition  of  the  sponges  and  other  zooplijltf 
»  Mcdali5  of  CneatioB^  vol.  i,  p,  228. 
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LicTi  Si  warm  in  some  of  tbe  cretaceous  strata.  For 
ough  silex  or  tlie  earth  of  flint  is  insoluble  in  boiling 
r,  its  solutioHj  as  we  have  previously  stated  (p.  93), 
idily  takes  place  in  vapour  lieated  to  a  tempcTattire 
Dve  that  of  fused  cast-iron  (p,  100)  ;  and  similar  effects 
being  produced  at  the  present  moment  by  the  thermal 
ftters  of  active  volcanoes  (p.  98)* 

^  The  temperature  to  which  water  may  be  raised,  depends 
L  the  presence  or  absenee  of  air  ;  for  it  has  been  proved 
direct  experiment  that  water  deprived  of  air  may  be 
ated  to  27 5**  of  Fahrenheit,  under  the  ordinary  press ure 
the  atmosphere,  without  exhibiting  any  symptoms  of 
iillition.  The  solvent  power  of  water  on  rocks  containing 
^lex  may,  therefore^  be  fully  adequate  to  produce  all  the 
phenomena  presented  by  the  siliceous  nodules,  veins,  dikes, 
&e,  of  the  chalk  formation  ;  and  our  chalk  Hints  may 
possibly  have  originated  from  the  quartz  of  granitic  and 
Other  plutonic  rocks,  dissolved  in  healed  water,  and  erupted 
into  the  basin  of  the  ancient  chalk  ocean, 

6.  Orgamjc  REMAiNa  IK  FLINT, — In  many  instances  the 
organic  remains  in  chalk  flints  are  simply  incrusted  by  silex  : 
aueh  19  the  state  of  numerous  sponges  which  are  as  it  were 
invested  by  the  flint,  and  have  their  pores  and  tubes  filled 
by  the  same  material  ;  the  original  tissue  appearing  as  a 
brown  earth.  In  otliet  examples  the  sponge  has  been 
enveloped  by  a  mags  of  liquid  silex,  and  subsequently 
perished  ;  in  this  manner  have  been  formed  those  hollow 
nodules,  which  on  being  broken  present  a  cavity  containing 
only  a  little  white  powder^  or  eome  fragments  of  ailieified 
gponge  :  while  in  other  instajnces  the  cavity  is  lined  with 
i|aartz  or  chalcedony.  It  frequently  happens  that  only  part 
of  the  zoophyte  is  permeated  by  silex,  while  the  other 
portion  is  in  the  state  of  a  friable  calcareous  eartli  im- 
bedded in  the  chalk. 

Sponges  and  other  organic  bodies  often  form  the  nuclei 
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of  flint  nodules  J  ^ind  the  original  substance  of  the  £am] 
is  generally  silicifled,  and  the  most  delicate  internal 
structure  preserved.  In  other  instances  the  Ln closed  or- 
ganisms have  undergone  no  change,  but  appear  as  if 
immersed  and  preeerved  in  a  aemi-transpaxcint  medium  \ 
such  is  the  state  in  which  foraminiferoiifl  shells,  corals^  &c, 
often  occur.  An  exquisite  exiimple  of  thia  kind  wsifl 
discovered  by  the  Marquess  of  North  am  ptou,  in  a  chalk 
flint  from  Brighton  j  in  polished  slices  of  this  specimen, 
numerous  branches  of  delicate  corals  ( Pmtulajjora,  Mete- 
pordj  IdmmieOj  &c,*)  and  foraminifera,  appear  m  perfect 
and  unaltered  as  if  imbedded  in  glas^. 

But  there  are  innumerable  flint  nodules  which  exhibit 
no  traces  of  spongeous  structure  ;  and  veins,  dikes,  and 
sheets  of  tabular  flint,  that  may  be  regarded  as  pure,  and 
free  from  organic  remains*  excepting  such  as  must  inevitably 
have  become  entangled  and  imbedded  in  a  stream  of  mineral 
matter  flowing  over  a  sea-bottom.  Wood  which  has  been 
perforated  by  lithndomi,  and  siHcified,  is  not  scarce  ;  and 
confervas  and  fuci  are  sometimes  found  floating,  as  it  were, 
in  the  liquid  ailex*  Bones  of  reptiles  luid  fishes  are  often 
impacted  in  a  mass  of  flint ;  but  in  only  one  instance  have 
I  observed  that  the  silox  has  permeated  the  osseous 
structure. 

7,  Anijialcdles  m  FLiHTi^For  the  most  part,  the 
minute  shells  of  the  chalk  and  flint  aje  filled  with  amorphous 
ntineral  matter ;  but  in  many  examples,  as  1  have  ascer- 
tuined  by  direct  experiment^f  the  soft  parts  or  body  of  tho 
animalcule  remain  in  the  shell  j  sometimes  completely  silici- 
fled,  but  in  others  in  the  state  of  dried  aninial  membram, 
like  the  ink-bag  of  the  cuttle-fish  in  Uas,  the  soft  part£  of 

*  Medalfl  of  Creation,  vol  i.  p.  2S4. 

t  Seemjobservatio&a  "  On  the  Fossil  R^moins  of  the  sqflparitqf 
Fttramim/eraj  discovered  in  the  chalk  and  flint  of  the  S,  E.  of 
Ht^glond."    PhilCM3€phiGaI  TraudaA^tiona,  IBi^^  pa^rb  If. 
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cephalopoda  in  day,  and  the  capsule  of  the  eje  and  mem- 
branes of  the  stomach  in  certain  fishes  of  the  chalk.*  In 
the  flints  such  i^pecimeiis  are  hj  no  means  rore,  and  from 
the  semi-transparency  of  that  mineral,  are  easily  detected 
under   the   microscope.     The   annexed  figure  {Lign.  51) 


■^^t::!^imm;:^^"-i\'!r'--'\.. 


THJB  flODT  OF  THE  ANIMAT,  ;    lU  FLlTfT  (hij^fhl^  mftgtli^edj.f 


represents  the  hody  of  a  Motalia^  in  its  shellj  imbedded  in 
flint  J  the  original  is  invisible  to  the  naked  eye,  but  under 
a  good  microscope  its  structure  is  beautifully  defined  ;  the 

*  I  would  refer  the  gtsacral  reader,  who  bt  not  conversant  with  the 
various  conditions  in  wlueh  the  remaini^  of  vegetables  and  animals 
oecur  ID  tbe  mineral  kiDgdom,  according  to  the  circumstaiii'^a  binder 
which  they  were  originallj  lmheddf*dj  and  the  chemical  changea 
they  nmj  have  anh^qnently  undergone,  to  my  remarks  "Ow  iheNatyjrfi 
of  Fossils  or  Organic  J^eTjmijiSf'  Medals  of  Creation,  vol.  i*  chap.  iil. 
See  also  "  IndrmtiouMfor  tJie  colledinj  of  Fos&ihf'*  vol.  ii*  p*  885. 

f  SpecLmena  of  the  EotaliEe,  Xanthidia,  and  other  minute  fonsil 
oTganisma  of  the  ehalk  and  flint,  may  be  obfeiined  of  Mr.  T&pping^ 
the  well-known  microacopic  artist.  No.  1 ,  York  Place,  Pentonville  Hill, 
London.  See  Medals  of  Creation,  vol  i  pp,  78,  24  4 »  for  **  ImirmMQm 
how  ia  prepare  Fosmh/iiT  ilie  Miov^cope.*' 
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folds  of  the  menilirane  in  tbe  celk  being,  as  obvious  us  in  1 1 
specinien  obtained  from  the  sea. 

The  shells  of  the  Rotalia^  and  TextUariaB  in  the  cliallt, 
alBO  contain  the  defliccat^d  soft  parts  of  the  animiikMl' 
unminerahzed  ;  and  by  dissolving  the  chalk  and  fsb^ 
in  weak  hydrochloric  acid,  and  immersing  the  reftidue  i" 
trauBparetit  medium  (jCanada  baham),  the  tiasuea  art'  u- 
diBtinctly  seen  as  in  tlie  recent  state*  I  shall  agiin 
refer  to  this  subject  when  treating  of  the  organic  w- 
mains  of  the  cretiiceous  syatenu  In  this  place,  however^ 
I  would  call  yoor  attention  to  an  ti* 
quisite  example  of  the  preservitioft 
of  the  Boft  parts  of  an  fmiiiuilcole  in 
w    I         i3[j  I  flint.  Tbe  fossil  here  delineated  (Zff^n, 

|t  '    !     J':^  ■  52)  was  discovered  by  my  friend  rW 

Eev.  J,  B>  Reade,*  a  gentleman  we0 
known  for  bis  accurate  mieroacopie 
investigatjotie.  It  is  evidently  a  cofal, 
from  the  cell  of  whicli  a  polyjK'  pru* 
traded  J  when  it  became  enveloped  in 
tbe  fluid  silc3t :  with  the  exceptltii  of 
the  tentacula,  which  appear  either  lo 
have  perished,  or  to  have  collapsed 
Uav^^i,  so  as    not   to   be  distinguishable,  the 

adniirahly  preserved. 
8*  Xahthidu* — The  minute  microscopic  spherical  hd- 
dim,  to  which  Ehrenberg  has  given  the  name  of  j^anihidia^ 
from  the  supposition  of  their  analogy  to  the  spores  of  cer- 
tain kinds  of  Desmidc&ij'\  v^^  so  abundant  in  the  fliutfi,tiiil 
I  must  briefly  noticj  them  in  thb  place.  These  fosafls 
occur  both  in  the  chalk  and  llint ;  and  though  gcneniDj 

•  Rector  of  Stoac,  But-ks. 

+  DesTfiideop. :  a  group  of  organismB  of  doubtful  affinity ;  beiof  <* 
»iderod  by  some  natural  iftta  aii  yegeUble,  by  others  as  animal  j^tructowt 
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silictfiedj  have  been  detected  un mineralized  in  the  chalk,  and 
as  flexible  aa  the  soft  parts  of  tlie  iMjtaJisR.* 

The  fossil  Xanlhidia,  (the  trye  nature  of  which  is, 
I  think,  still  problematicalj)  are  hollow  globular  or  spherical 
bodieSj  b*iBet  with  spines  or  tubular  processes,  whicb,  in 
man  J  species,  are  fimbriated  at  the  extremities^  and  vary 
considerably  in  number  and  lengtli.  Some  species  {Lign. 
53),  have  these  apjM?ndages  very  long,  and  their  extremities 

patulous  aiid  fimbriated.  In 
a  rare  species  (discovered 
by  my  son),  the  spines  are 
hshort,  equal,  and  relatively 
thick  {Lifjn,  5%  Jig,  5);  in 
others  they  are  interme' 
diate  in  length,  proportionSj 
and  number  (as  in  Lign,  54, 
Jig.  4,  6),  The  manner  in 
which  these  bodies  occur  in 
the  flint,  is  shown  in  the 
example  figured  in  Lign, 
54  J  which  is  a  thin  chip 
containing  five  Xantbidia, 
that  was  broken  off  at  ran- 
dom from  a  nodula  The 
specimen  is  represented  of 
the  natural  si»e  in  Jig.  1 ;  slightly  magnified  as  seen  by 
transmitted  light  in  Jig.  2  ;  an<t  under  a  higher  power  in 
Jig.  3 ;  the  fragment  having  been  previously  rendered 
as  transparent  as  glass  by  immersion  in  Canada  balsam. 


{Drmff%  hjf  Rev.  J.  B.  Reade;  mo^l- 


*  The  Xanthidia  were  firet  dii^coFeTed  in  this  alato'by  Mr.  Dean©^ 
of  dapham,  an  atle  micnwcopic  ol)s<*rver,  to  whom  I  am  indebted  for 
my  choicest  sp^cimeai  of  the  soft  parts  of  Eotalise,  See  PhiloB, 
Trans.  1846,  p.  466, 
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Figs.  4,  6,  6,  represent  the  three  best  defined  specimens 
highly  magnified,* 


liiQV,  H. — Xahtbipja  in  Flint. 
{Bjf  Keginald  Neritte  Afa^ntett,] 

F{g,  1.  A  thin,  tranKparentj  chi[M}ri]int:  imtural  aise, 

2.  Th&  same  ma|[rni11ed,  vitfwed  by  transmitted  light. 

3.  More  bifhl}'  mat^nifird. 

4.  Xanihidium  ramo.vum  :  ditedf  Iheantmalf^uHtes  &een  In  the  pff^vicrua  fl^fvit 

niBgnified  ,100  diaDietifFS, 
#K  Xnttthidium  MeffinaJdi;  Itom  th«  same  group :  &  vet^  mre  «;»ec1ti. 
€.  Another  varleEjr  of  XmiUiI ditum  ramittuin. 

9,  Middle  aj*d  lower  group  of  the  chalk  for- 
mation.— Beneath  the  Chalk  with  flints,  is  a  series  oi* 
strata  of  equal  thickness,  termed  the  Lorver  Chalky  in 
which  no  flints  ai-e  met  with  in  England,  except  in  a  few 
localitiefi  j  in  some  places  on.  the  Coutinentj  howeverj  nodules 

*  The  Xanthidia  which  occur  in  the  English  chalk  fiintis,  were 
first  noticed  and  figured  by  the  Kev.  J,  li*  Eeade,  in  the  Annals 
of  Nat.  Hist.  1838 ;  they  hsTe  since  been  made  the  Buhje<:i  of  an 
elegant  memoir,  published  in  the  Transj^iious  of  the  Microscopical 
Society  of  London^  toL  i,  p.  77,  by  H.  Hopley  Whitc^  Esq.  of  Claphani. 
A  specimen  froni  elmlk,  by  Mr.  Deuuc,  ia  figured  in  Philos.  Tranfl- 
1846,  Fl  XXL  fig.  1. 
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and  veins  of  flint  octiur  in  tlie  lowermost  beds  of  white 
chalk.  The  inferior  members  of  tliis  formatiniij  the  Fire^ 
standi  (rait,  and  Green^andy  arc  constant  in  their  characters 
and  relational  lo.  England,  and  over  a  great  part  of  the  Conti- 
nent of  Europe :  the  following  \b  a  eoucise  view  of  these 
deposits  J  m  connexion  with  the  upper  group. 


Upper  Chalk.  ^ 


Lower  Chalk. 


Fireaton©^ 


CHALK^   FORMATION. 

Strata  of  white  Umeatone, 
with  p&rollt^l  lajors  of 
Biliceous  nuditlesj  and 
vein!}  and  tabular  tnasi^'eB 
of  flint,  Chalcedony;  Calc- 
Bpar.  Pjriteg ;  qaartz 
pebbles. 

Strata  of  white  limeetona ; 
cal<!-flpar,  pyritoa,  Beams 
of  marl ;  quartz  pebbles ; 
fllntft  very  rarely*  Lower 
beds  oftSn  grey  and  argll- 
laceoua 


^  Marine  shells :  AmMO- 
nltefl.Kautili,  Belem- 
nite«.  Crustaceans  \ 
Echinodenns;  Star- 
fish, Fiahea.  BoneHof 
Mosa^nrus^  lehthj- 
osauri.  Pies  io^urj  ^ 
Turtks,  and  other 
reptiles.  Corala,  Spon- 
ges, aad  other zoophy- 
tes. Fad;  drift-wood; 
Cycadeotifl  plants. 
Almost  all  the  genera 
and  species  extinct. 


Beds  of  marl^  passiDg  into 
ealcareouB  sandstone  and 
ftand,  full  of  green  parti- 
clca  {FireM^ie).      Bands  \ 
of  hard  gandy  a&d  eherty  j 
limestone.    Pyritea;  chal-  1 
eedony;  often  forming  the  I 
casts  of  shells.  J 


Shells^  J^c.  as  in  the 
chalk  ;  but  many  epe- 
ciea  peealiar*  Cepha- 
lopoda more  abun- 
dant and  dlverpified. 
Chims&roid  and  other 
fishes.  Some  layers 
shou  nd  in  mol  luskite. 


Qalt. 


I  Bark  blue  elay  and  marl, 
with  thin  layers  of  red 
marl ;  gypsnm  i  pyrites. 


X  2 


^  Ammonites,  Hamites, 
Bclemnitefl,and  other 
cephalopoda  t  many 
species  peculiar,  Se^ 
veral  chaiaetcristic 
shellH  and  crustace- 
anfl ;  drifted  contfe- 
rous  wood. 


SOS 
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tm.  rv. 


Qreenwmdi     / 


triple  ^roup  of  SttndK 
ftaiuUtonGg.^  Iiiitetf1i0tie,iiiul 
eluy*  B&ndH  ^d  conure- 
lioiis  of  chert.  IrnnsUmo, 
fulkr'ii  ottrth  i  sulphat«  of 
barytiea ;  fibroufl  gypiam. 


Marine  mhtsWn,  meiiy  p^ 
culmr.     Ammi^m^ 
Kautill^  8cif 
large   fti!&e. 
Cnistiu^eaQia. 
da^     Megala 

and  other  reptiloiu 
These  various  strata  can  be  studied  with  faciHt)*  m 
the  southern  conat  of  the  Isle  of  Wight  ;*  at  the  northem 
end  of  Swanage  Bay  ;  and  along  some  parts  of  tlii^  ihi- 
setshiro  coast.  At  BouthhourHj  on  the  Sussex  shores  tins 
firestotiej  gait,  and  gre^nsand,  emerge  from  beneath  tbf 
white  chalk  on  the  north  of  the  Dowdb  ;  and  on  the  coast 
of  Kent,  the  same  group  rises  irotn  under  the  chdk  cm 
the  south  side  of  the  North  Downy. 

10.  FoLKSTOKB  CLDTFa. — The  relative  position  of  the« 
beds  is  well  displayed  at  Copt  Point ,  near  Folkstone.  The 
Firestone  appears  as  a  terrace  inland^  coming  out  k^ow  tb 


*     Folkatofi»  Hill 


v:^:^^^^ww;^^:ov:^^^>:>;o:':ovo;.: » 


Ltow,  5A,— Skptiow  4T  Eaitva^mx  Bat,  wkab  Fat^Ki^HK^ 
I,  Th43  UtfptTT  ChBlk*  a.  Lontjr  Chttllt*  3.  Firestone,    i,  OnlL    S 

chalk  marl  j  the  Gait  constitutes  the  immediate  faceoftlie 
cliff,  and  reposes  on  the  Greensand,  which  forms  the  bfiT 

•  S«Q  Geology  of  the  IhIg  of  Wight,  for  lieti  of  foBails  of  1^ 
cretaceous  aeriea  of  thjit  dii^tdct 
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part  (  hign*  5 5 )«  Eastw are  Ba j,  near  Folkston e,  is  celeUrattitl 
for  the  beauty  and  variety  of  the  Gait  fossila,  which  are 
constantly  being  washed  out  of  the  cUff  by  the  action  of 
the  sea* 

This  aeriea  may  be  traced  with  more  or  less  distinctneas 
aiipiind  the  denudation  of  the  Weal  den,  eneirchng  thefresh- 
"wrater  strata.  The  Iciwermost  memberj  the  Greensand,  rises 
into  more  importance  towards  the  we  at ;  and  in  Sarreyj 
HampshirCj  and  western  Sussex,  forms  a  line  of  bold  hiUs, 
w^hicli  runs  parallel  with  the  chalk  downs,  and  rivals  them 
in  altitude  ;  a  vaUey  of  gait  generally  intervenes  between 
tb^  sand  and  chalky  as  at  Beigate.  Along  the  Kentish 
Co«st  the  three  natural  subdivisions  of  the  greensand 
are  clearly  defined.  The  upper,  or  Shankliii  sand  series,  is 
chiefly  made  up  of  ferruginous  sands,  with  ironstone  and 
concretions  of  chert,  and  dark  clays  in  the  lower  part. 
The  middle  group  is  marked  by  the  prevalence  of  green 
and  grey  sand,  with  bands  of  calcareous  sandstone  and 
cherty  limestone,  called  Kentish  rag.  The  lowermost;  or 
Atherfi^eld  series,  consists  principally  of  sandy  argillaceous 
beds,  with  layers  of  concretionary  hmestone,  containing 
numerous  peculiar  fossils.  The  Shanklin  and  Atherfield 
deposits  are  so  named  from  localities  in  the  Isle  of  Wight 
where  they  are  developexl  in  great  thickness  and  extent.* 

In  the  north-east  of  Ireland  the  greensand  constitutes  an 
important  feature ;  on  the  Continent  it  is  found  accompany- 
ing  the  upper  members  of  the  chalk  formation,  and  is  well 
displayed  in  Saxony,  and  along  the  Alps  and  Carpathian 
mountains^ 

11.  Cretaceous  strata  near  Maesteicht. — In  the 
valley  of  the  Meuse  there  is  a  aeries  of  strata,  the  upper- 
most beds  of  which  contain  many  shells  that  occur  also 
in  the  tertiary ;  these  deposits  pass  downwards  into  Ome- 

•  Sec  my  Geology  of  the  kle  of  Wight  for  detaila  ;  chap,  vi. 
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atones  with  numerous  flint  nodules^  and  cretaceous  fossils ; 
and  these  imperceptibly  bl<>nd  witli  the  pure  white  chalk  at 
the  bottom.  The$e  strata  are  well  shown  on  the  hanks  of 
the  Me  use,  and  fossila  may  be  obtained  in  abundance  Irom 
the  extensive  quarries,  which  have  been  worked  for  ages* 
St.  Peter's  Mountaiuj  in  which  these  excavations  are 
situated,  is  a  cape  or  headland  between  the  Meuse  and 
the  Jaar,  formed  by  the  extremity  of  a  range  of  hills  whicli 
hounds  the  western  side  of  the  river  vaOey-  The  moun- 
tain commences  at  the  distance  of  a  mile  south  of  Mae*- 
tricht,  and  extends  in  a  direction  towards  Liege  for  aboal 
three  leagues  ;  it  presents  an  almost  perpendicular  escarp- 
ment towards  tlie  Me  use.  A  section  of  the  hill  affords  the 
following  succession  of  strata  : — 

1  *  Lowermost :  White  chalky  with  layers  of  flint  noddes. 

2.  Chalk,  very  hard  and  gritty* 

3.  Calcareous  freest  one j  and  beds  of  loosely  aggregated 
saod,  of  a  yellow  fawn  colour,  abounding  in  fossils.  Nume- 
rous layers  of  flint  occur  throughout  the  entire  series, 
having  the  usual  characters  of  the  siliceous  nodules  of  the 
chalk,  * 

The  Maestri  cht  freestone  is  so  esti-^raely  soft  in  the 
quarry^  that  it  may  easily  be  cut  with  a  knife,  but  it 
hardens  and  becomes  of  a  lighter  colour  by  exposure  to  the 
air.*  The  beds  of  limestone  have  a  total  thickne*^  ^f 
about  500  feet.  Excavations  have  for  centuries  beep 
carried  on  in  the  strata  of  freestone,  and  from  the  immense 
quantities  of  stone  removed,  extensive  caverns  and  gaUeries 
now  traverse  the  heart  of  the  mountain.     Shells,  cond^ 

•  *  The  avidity  of  collectoTs  has  induced  the  quarrymen  to  pwHMi 
an  ing^niouA  rrand  tipan  atnuigere  :  teeth  and  boa&s  of  the  horse*  boifi 
Ac,  are  carefuUy  imbedded  in  blocks  of  the  Hmeitono  while  it  h  iofl; 
and  when  the  stone  becomes  hard,  the  specimeoi  arts  offisred  fi>r«lei» 
genuine  fosaiLa  from  the  quarrieg ;  the  daception  t»ay  be  dBtc«(«d  fcf 
immeraiiig  them  in  water. 


THE  MOSASAURUS. 
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sstacefl,  teeth  of  fishes,  and  other  marine  reraainaj  occur 
profusion  ;  with  wood  perforated  bj  iithodomi,  and  the 
hones  of  a  large  and  very  remarkable  reptile,* 

12.  The  mosasaurus  ;  OR  fossil  kkpto^e  of  the 
MsTJSE< — The  oecaaional  ^iiacovery  of  bones  and  teeth  of 
an  unknown  animal  in  the  limestone,  had  long  since 
directed  the  attention  of  naturalists  to  the  quarries  of  St. 
Peter's  Mountain.  In  ]  770  M.  Hoffmann,  who  was  forming 
^BcoUection  of  organic  remains^  had  the  good  fortune  to 


^^^^^p  Lia'a.  AG.— Kk Hi  111:9  of  tbx  vosAi^trntrs. 

DlfcoTWrtd  *t  MaeatTichi,  by  M.  Hoffmann,  Ja  1770  ;  now  m  tha  Mu^Eutn  At  Pari^ 
(Fosr  unil  a  hulf/eei  %  tato  aftd  a  half. } 

P discover  a  specimen,  which  has  conferred  additional  interest 
this  locality*  Some  workmen,  on  blasting  the  rock  in 
e  of  the  caverns  of  the  interior  of  the  mountain,  perceived, 

*  See  HM.  Nat.  de  U  Montagne  de  Bk  Piem,  by  Faiyaa  St,  Fond^ 
1  vol.  -tto.  vith  BpJeDdid  eigraTinffs,  and  numerous  figures  of  the  foaailH 
ihSki  buTo  been  diaeovered  in  tb«  qumriea  of  St.  Peter's  Mountain. 
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to  their  astonishitient,  the  jaws  of  an  cfioriuou:*  ftuiuiul 
Attached  to  the  roof  of  th<?  chusiii.  The  dibcovery  wti.* 
immediately  made  knowu  to  M.  llodniuin,  who  n:|}iui'iJ 
to  tlie  spot,  and  for  week  a  presided  over  the  arduous  tnak 
of  separating  from  the  rock  the  mEiss  of  aUmti  containiQ^ 
those  remains.  His  hiboura  were  at  length  repaid  b)  ili^^ 
aucee§sfid  extrication  of  the  specimen,  wliieli  h^  wrnvt^twl 
In  triumph  to  his  houae*  Uufortunattilj,  tlm  Canon  of  tt" 
Cathedral  which  stands  on  the  mountain,  diiiuit^d  tliefi— 
in  ri|^lit  of  being  lord  of  tl»e  njiinor,  and  suceciHlcrL  ttv  i 
mofit  unjust  and  expensive  law-i^uit^  in  obtaining  this  [m 
eiou8  relic.  It  remained  in  hi&  po3§ieaattiji  for  year^  and 
Hoffmann  died  without  regaining  bis  trejisnre,  or  rtn^tiiving 
any  eompenmvtion.  The  Frenrh  Revalution  broke  out,  iio<i 
the  fttmieo  of  the  Republic  advanced  to  (he  guteji  of  Mim^j* 
trieht  ;  tho  towri  waa  bombarded,  hut  by  de4*ir<j  of  tlu' 
committee  oi'  nfUHmn,  wlw  aeeom|jauied  the  French  trm^ 
the  artillery  was  not  allowed  to  play  on  that  part  of  tlie 
city  ill  which  the  celclmited  fo^i^il  wiia  known  to  tie  coo- 
tttinod.  In  the  meuuvvhile  the  Canon,  shrewdly  gn 
why  an  eh  peculiar  favour  wai  ^ihown  U)  his  n  ^ 
concealed  Uie  iipacimen  in  a  secret  vault ;  but  when  ibc 
city  was  taken,  the  Fi-ench  authorities  compolJed  him  to 
give  up  hit!  ill-gotten  pnzo,  which  was  iinmediatuly  tnui*- 
jnitted  to  the  Jardin  des  PlanUM^  at  l*aria,  where  it  still 
forms  one  of  the  most  strikhig  objeet:;!  iji  that  moglufititDt 
collect  ion » 

The  model  of  tliis  specimen  in  my  museum*  wii  prfr 
seated  to  me  by  Baron  Cuvier ;  it  consists  of  the  jiws» 
teoth^  palate*bones,  vertebne,  and  m  ffundrafMm  ;  a  bom* 
[joa^csiiied  by  some  reptiles,  and  in  whieli  the  auditory  i^ 
are  coutaiued.  There  are  tiome  tine  portiona  of  jawi  will 
teeth  of  the  Mo^a'^aurus  in  the  British  Muaeum*  Tlv 
original  waa  a  re|itile,  holding  an  intermediate  place  between 
*  Now  in  the  BrUbh  Musouin. 


J 


113. 


CRETACEOUS  BTEATA  OF  OTHER  COtraXRlES. 


313 


J!  ifouitor  and  If^uafta,  about  twenty -five  feet  long ;  it 
w&s  furnUbed  with  a  tail  of  ^uch  coB5;truetiQii,  as  must  ha¥e 
rendered  it  a  powerful  oar^  enabling  the  animal  to  a  tern  tUe 
wave.^  of  the  ocean,  of  whieh  Cuvier  supposes  it  to  have 
been  an  inhabitant. 

In  the  English  chalk  a  few  remaiiia  of  tliis  reptile  hav« 
been  met  with*  I  collected  three  vertebrae  from  the 
upper  chalk  near  Lewes,  many  years  since  ;*  and  have 
recently  obtained  a  caudal  vertebra  from  Kemp-town,  near 
Brighton  ;  the  latter  Ib  partially  invested  with  ftint,  which 
haa  consolidated  around  it  without  obscuring  its  essential 
characters. 

Some  teeth,  from  North  America^  collected  by  Dr. 
Morton  of  Philadelphia,  appear  to  be  of  the  .same  species 
as  those  from  Maestricht,  and  afford  additional  proof  of  the 
extension  of  the  waters  of  the  chalk  ocean  over  the  area 
now  occupied  by  the  Atlantit;,  and  part  of  the  dry  land  of 
North  America-t 

13.  Ckf:taceous  strata  of  other  corxTmnis.— Iu  the 
north  of  Prance  the  same  characters  predominate  j  hut  in 
the  south,  the  group  is  more  or  less  calcareous  throughout ; 
and  the  lower  division,  which  is  the  representative  of  our 
greensands  and  clays,  consist.^  of  calcareous  beds,  with 
white  limestone  and  tuiaceouB  majlstone. 

In  Central  and  Eastern  Germany  the  entire  system  is 
finore  siliceous,  calcareous  matter  being  very  spaiingly  dis- 
tributed* In  Saxony  it  consists  of  siliceous  eandsjtone — 
oouglomerates,  chert,  and  ferruginous  sand  and  sandstone — 
calcareous  grit  containing  the  well  known  gait  shcU,  Inoce- 
ramm  concentricm—^ri^  colczireou^  rock  with  hamites, 
,flcaphitea>  terebralulaE,  and  plagiostomaj  the  uppermost 
strata  yielding  a  ailieeoua  building  stone* 

*  Poesilfl  of  the  South-Eu^t  of  England,  p.  14S. 
f  See  Dr.  MortOE'a  Synopiis  of  tho  Crcta<M!oti8  Sirata  of  the  Ualtod 
States. 
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In  RuBsift  the  white  chalk  ig  finely  developed  in  tlie 
southern  steppes  of  the  Don  Cossacks  ;*  and  Artesian 
wells  have  been  carried  to  a  depth  of  630  feet  through  thcift 
strats,  without  indicating  any  change  of  rock.  The  cluJk 
at  Uspenek  lies  in  hollows  €f  the  c^irhoniferous  system,  ii^ 
L'ontains  many  well  known  EnglisU  cretaceous  sheOi*  b 
the  roj^al  collection  at  Warsaw  are  cchinoderms  and  shells 
from  the  Polish  chalk,  idcTitical  with  our  common  speeies: 
even  the  Choanite»  K'fmigi  occurs  in  the  flints,  as  in  ttosfl 
of  the  South  Downs* f  ^i'"  I^-  Morchi&on  observed  irne 
chalk  on  the  hanks  of  the  river  Ural,  the  extreme  boundary 
of  the  RuBsian  Empire.  On  the  Volga  the  white  chill 
passes  through  a  group  of  clay -stones  and  shales,  iat" 
tertiary  eocene  strata.  The  surface  of  the  ehalk  of  Bussia 
is  no  where  eroded  as  in  Western  Europe. 

In  North  America,  the  deposits  which  appear  to  he  tlw 
equivalents  of  the  lower  members  of  the  British  Bi^rieij 
contain  numerous  fossils  of  the  cretaceous  tjpcA,  and  i 
few  species  which  are  identical.  The  chalk  stratji  <ff 
Kew  Jersey,  that  intervene  between  the  Alleghany  mmw 
tains  and  the  Atlantic,  resemble  the  sandy  and  argillticeoui 
beds  of  our  gait  and  grcensand.  The  overlying  tcrtiig 
consist  of  marly  elaj%  and  vsriously  coloured  ^ands,  witfc 
green  particleSj  as  in  the  bottom  of  the  London  clay  nm 
Heading.  Such  is  for  the  most  part  the  character  of  tk 
series  in  New  Jersey  ;  and  further  south,  in  Mar^lmd 
and  Virginia,  the  eocene  strata  ore  an  full  of  green  particle* 
as  the  cretaceous,  and  can  only  be  distinguished  by  X\mt 
fossils,  and  geological  position*! 

•  Geology  of  ItuBsia,  vol,  i.  p.  265-  All  tbo  remarkB  retatUiy  t* 
the  Geology  of  Kii^t^ia  are  derived  from  Sir  B,  L  Murehiioa'i  w^L 

t  ModaU,  vol.  i.  p.*2ti4. 

X  Seo  Mr,  LyulTg  itemarka  on  the  Cretaceous  Strata  of  Hew  imei^ 
in  hi«  Travel**  la  North  America,  Mm  Prof  Uogers'a  Add«»  to 
the  AKsoaiation  of  Am^riuaji  QdologisLa>   1844. 


^H    14.    OrGAKIG   remains   of     the     chalk    FORlkTATION* 

^B  would  remind  the  reader,  that  the  numerous  groups  of 
^Ktrata  comprised  in  tlie  cretaceoua  eystem,  are  to  be 
reganiod  as  an  ancient  oeean-bed  ;— a  vast  aecumulation 
of  sedimentary  deposits,  more  or  leas  conaolidated  hj  sub- 
sequent eljemicat  ehangesi  that  wm  formed  in  the  profound 
depths  of  the  sea,  in  periods  of  unfathomable  antiquity* 
This  mass  is*  made  up  of  inorganic  and  organic  materials  : 
the  former  consist  of  the  debris  of  the  cUfFs  and  shores  which 
encompassed  the  ancient  sea  ;  q^f  the  spoils  of  islands  and 
continents  brought  into  the  cKiean  by  floods  and  currents  of 
freah  water;  and  of  mineral  deposits  thrown  down  from 
chemical  solutions:  the  ortfamcAukitemceiS  are  the  durable  re- 
mains of  an  iraalB  and  plants  which  lived  and  died  in  tlie  ocean, 
and  of  flnvifltile  and  terrestrial  species  that  were  transported 
frcmi  the  land  by  rivers  and  their  tributaries.  The  whole 
forms    such    an   assemblage   of   sedimentary   deposits  as 

e would  probably  be  presented  to  observation,  if  a  mass  of 
phe  bed  of  the  Atlantic,  2000  feet  in  thickness,  were  elevated 
above  the  waters,  and  became  dry  land  ;  the  only  essential 
difference  would  be  in  the  generic  and  specific  characters  of 
the  imbedded  animal  and  vegetable  remains. 
The  fossils  of  the  cretaceous  formation  are  exceedingly 
numerous,  and  offer  examples  of  all  the  usual  forms  of 
maruie  existence  except  Cetaceans,  of  which  no  vestiges 
have  as  yet  been  found  in  strata  older  tbati  tlie  eocene. 
Particular  genera  and  species  appear,   however,  to  be 
ttricted  to  certain  subdivisions  of  the  systent ;  thus,  in  the 
bite  chalk,  there  are  many  species  of  shells  that  do  not 
cur  in  either  of  the  other  groups.     The  marl  and  gait  also 
'liave  peculiar  fossils*  and  the  greenaand  abounds  in  shells  and 
KoophytcB,  that  are  wanting  in  the  upjier  series  of  deposits. 
The  genera  and  species  of  the  molluscu  must  therefore  have 
aried  during  the  period  of  the  deposition  of  the  chalk  i 
me  kinds  prevailed  at  the  commencement  of  the  forma- 
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tion,  and  became  extinct,  or  af;  least  no  longer  inhabited 
the  same  parts  of  the  ocean  at  a  subsequent  epocb  ;  whik 
jotber  forms  appear  for  the  first  time. 

The  state  of  preservation  in  which  the  fosstb  oocur, 
■varies  according  to  the  lithological  eonipositioii  of  the  gtratu. 
The  sbelb",  corals,  echini tesj  &c.  of  the  white  chalky  m 
generally  transmuted  into  carbonate  of  lime  having  a 
spathose  structure  ;  tbeir  cavities  are  eommonlj  iiHed  *ith 
chalkj  flint  J  or  sulphuret  of  iron  ;  in  maoj  iugitancea  thej 
are  bollovi?^,  and  lined  with  crystals  of  earbonate  of  lime. 
The  softer  zoophytes  are  often  ailiciiiedj  and  there  il 
scarcely  a  flint  nodule  in  which  their  remaini*  loay  notN 
traced*  The  bones  of  the  reptiles  and  iiBhea,  and  the  cover- 
inge  of  the  crustaceans,  are  in  a  friable  state,  and  staioed  nidi 
sulphnret  of  iron.  The  teeth  and  scales  of  the  iisbes  pogses? 
a  high  poUshj  and  are  more  or  less  permeated  by  ferrugijiou* 
infiltrations.  Wood  occurs  in  the  state  of  lignite  m  tJie 
clays  and  Bands,  and  in  brown  friable  masses  in  the  chalk, 
which  quickly  decompose  upon  exposure  to  the  air ;  bul 
when  enveloped  in  fliiit,  the  structure  is  silicified,  and  wdl 
preserved]*  like  the  fossil  wood  of  the  terttatj,  it  km 
evidently  been  drifted,  and  is  perforated  by  teredines  anl 
other  boring  animals  ;  the  fissures  are  often  filled  witfc 
brilliant  pyrites. 

In  the  Gall,  the  nacreous  covering  of  the  shells  is  com- 
monly preserved,  and  tbe  ammonites  and  nautili  of  Foli- 
stone  rival  in  beauty  the  shells  of  the  London  clay,  iM 
like  tliem  are  subject  to  decomposition* 

The  Greemand  fossils  in  the  cherty  sandstones  are  often 
silicified  ;  and  the  whetstone  pits  of  Devonshire  are  cele- 
brated for  the  beauty  and  variety  of  the  chalcedonic  eheUsj 
star -fish,  &c*  with  which  they  abound.  In  the  sandb,  liiue* 
stones^  and  argillaceous  strata,  the  shells  are  for  the  iiuivt 
part  well  preserved* 

*  Mwhiifl  of  Croation,  vol,  L  p.  1S8, 


The  organk  remtina  of  the  cretaceoaa  system  already 
[Own,  amount  to  mauy  huntlred  species.  The  most 
striking  zoological  character,  is  the  abundance  of  echi- 
nites,  belenmites,  and  ammonites  :  the  latter  arc  the  ahelb 
of  an  extinct  race  of  cephalopoda,  that  appears  for 
the  lost  time  in  the  chalk  j  no  tracer  of  the  existence 
of  a  single  species  having  been  discoTcred  in  the  tertiary,  or 
any  newer  formations.  My  collection,  consisting  of  many 
thousand  foasils  from  the  chalk  of  England  and  America, 
displays  the  usual  genera  and  species  of  zoophytes,  corals, 
shells,  echini tes,  star-Beb^  crint>idea,  crustacea,  fishes,  and 
reptiles  ;  together  with  many  that  are  exceedingly  rare, 
and  some  unique.  I  will  illustrate  this  subject  by  a  selec- 
tion of  a  few  examples** 

1 5.  Fossil  vegetables,^ — Tlie  marine  flora  of  the  chalk, 
as  1  have  already  remarkedj  offers  but  little  variety  :  a  few 
speciea  of  Pnci^  and  Confervm^  are  the  only  instances  that 
have  come  under  my  notice.  One  species  of  Fucus, 
{Fuconies  TargionUy  Lign,  57,)  ahounda  in  the  malm  rock 
of  WoBtern  SusBex,  particularly  at  Bignor,  formerly  the 
seat  of  my  late  friend j  John  Hawkim^,  Esq. ;  almost 
tfvery  fragment  of  the  rock  is  marked  with  its  meandering 
forma,  dmfervm  are  occasionally  found  in  the  flints,  and 
very  rarely  in  the  chalk, f  Plants  allied  to  ZotsU^ra  oceur  ■ 
IB  the  chalk  of  the  Isle  d*Aix*  Drifted  wood  abounds  in  ■ 
Uie  line  of  junction  betvveen  the  gait  and  greensand.  In 
tke  Kentish  rag,  near  Maidstone,  there  have  been  diBCovered 

*  I  would  refer  the  refuler  to  my  Medali  of  Creation,  for  dctaib  of 
Ihe  mo*t  important  organic  rcmaioa  of  tlie  tthalk ;  and  to  Mr.  MorriB*B 
»t&!ogt]«  of  BHtiah  foF%silR|  for  Ikta  and  rdercuce^  of  all  the  pabliahod 
ipecieH.  Figured  and  de^rlptionh$  of  Britlih  dialk  fcuifdk  aj^o  given  in 
my  PoBmli  of  the  South  Downfi,  Wonders  of  Geology,  and  OwJlogy  of 
the  Soxjth-Eaut  of  England  ;  in  Mr.  Sowerby^  Mineral  Conchology, 
Mr.  Lydl'a  Elijmenta  of  Geology,  and  ParkinBon's  Orgajiic  Itemaini  of 
a  Former  World* 

f  Vofn/ervHts  Woodwardii;  Medala  of  Creation,  vol.  L  pi,  104. 
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fir-eonefl  (Ahks  Bemtedi)^  cDniferous  wood,   petioles  nf 

tlie  Clathraria^  and  the  Btem  of  a  plant  allied  to  Dra^wno^ 

The  Conifer m  (cone- bearing,  as  the  Larch)  appear  to  ha vo 

eonetituted  the  principal  feature  in  the  flora  of  the  oountry, 


LiQN.  S7.— POCWl   IS    M4LK-KOCK  ;    FROH    BlSWOH   PAIIE, 

whose  rivers  and  streams  flowed  into  tbat  part  of  the  cha& 
oceaa  that  is  accessible  to  observation  in  England.  All  Uie 
wood  I  have  met  with,  whether  in  the  white  chalk,  fire- 
stone,  gait,  or  greensand,  is  couiferous  %  and  most  of  it 
possesses  the  structure  of  the  Araucaria^  or  Norfolk  Island 
pine.  Several  pine  or  fir  cones  have  been  fonod,  but  all  of 
small  size. 

Of  those  peculiar  coniferoys  plants,  the  Zamia  and  C^tm^ 
many  remains  have  been  collected.  A  beautiful  elongated 
cone  of  a  Zamia  was  obtained  some  years  sinc^  neir 
Willingdon,  in  Sussex,  from  a  bed  of  greensand,  wbid* 
abounds  in  coniferous  wood.* 

In  the  chalk  marl  at  Bonchurch,  in  the  Isle  of  Wight, 
a  remarkable  specimen  of  the    summit  of  a  stem  of  (he 

*  It  ia  figured  in  QeoL  Proc.  ]  843^  m  ZamiJ^  SuHeximmM^  Sm 
Medals  of  Creationj  Fmdl  dmiferw^  vol  i,  p.  155» 


FOSBIt  ZOOPHYTES.  3I»" 

(JlMhrafia^  with  the  petioles  attached,  has  been  discovered  ; 

f  this  plaut  essentially  belongs  to  the  flora  of  the  Weatden, 

desctiption  will  be  given  in  a  subsequent  section  of  this 

iiscourse. 

A  few  imperfect  specimens  of  an  oval  compressed  Iruit, 

ave  been  found  in  the  chalk  neur  Lewes,  and  in  Kent, 

This  fruit,  so  far  as  can  be  judged  from  the  examples  known j 

kip  pears  to  have  been  a  compound  berry,  having,  like  the 

aulberry,  the  seeds  imbedded  in  a  soft  pnlpy  mass,* 

16*  Fossil  zoophytes. — -The  soft  and  flexible  zoophytes 

re  so  exceedingly  numerous   in  the  flints,  that  but  few 

nodules  are  destitute  of  traces  of  sponges,  and  other  kinds 

of  amorphozoa  and  portfera.     In  the  white  chalk,  corals  are 

amparatively  rare  ;  but  the  Maestricht  beds  contain  them 

great  abundance.     There  are  certain  layers  of  a  very 

iable  earthy  chalk  in  the  cliflfe  along  the  Kentish  coast, 

ad  especially  near  Dover,  that  abound  in  very  delicate 

ttd  beautiful  species  of  numerous  small  corals  j  as  MeU- 

pora,  Pustuhpora,  Mi!l^}tnn^  Idmorma  ComptoniuTta^  &c,t 

small  Caryophyllia  {lAgn,  58,  Jig.  3)  is  common  in  the 

Snglisb  chalk ;  a  species  of  TurhinoUa  {Lign,  58^  fiff^, 

2)  in  the  gait ;  and  of  Astr^Ba  in  the  greensand.     Speci- 

aena  have  been  collected  of  several  other  genera ;  but  the 

ibeence  of  the  large  madrepores  and  stony  corals  is  a  re- 

aarkable  fact,  corroborating  the  evidence  derived  from  other 

liources,  that  the  white  chalk  was  deposited  in  the  profound 

»  I  have  DBjned  tMs  fruit  Carpolithes  Smithus,  in  honour  of  Mrs* 
Smith  of  Tunbridg^  Wells  ;  a  lady  of  conisununate  ekill  in  the  diasec^ 
tion  of  cWLk  fossila,  and  most  ardent  and  liberal  in  the  promotion  of 
palseontological  ficienoe.    Medals  of  Creation,  vol.  i.  p.  19fl* 

f  Medalfi  of  Creation,  vol.  i.  p»  284.  I  have  a  splendid  mass,  from 
Dover,  of  retopora  and  pustulopora,  covering  a  surface  of  chalk,  six 
iachea  bj  fouj- ;  theohalk  it&elf  wholly  consisting  of  an  aggregation  of 
polythalomian  sheila;  tit  waft  collected  by  Mrs.  Smith,  of  Tunbridge 
Wells,  Bpcoimens  of  these  obalk  corals  ^may  be  obtained  of  the 
dealer,  W,  Griffiths,  of  Dover,  and  91,  Tooley-street,  Londoa. 
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abyss  of  an  ocean  ;  for  the  economy  of  the  living  eorak 
fits  them  to  live  only  in  waters  of  niotltriiifi  cl(^]it|j3>  It 
would  be  tedious  and  uninstr active  to  piuce  tiefore  you 


^ff,^ 


4  6 

diNk,  tht  bM*  Ijinu  uftijentioiMiadei posed,    a.  The  upper  nurfmjv  at  r«riM»6/ii 
lC:d»(j<,  Im^dfld  iis  gait.    ^,  {.'drj/np4yj/id  reHtfaitM,  fropi  the  chalk  near  U^i^ 

lists  of  tlie  scientific  names  by  wiiich  the  zoophyte*  of 
the  chalk  are  known  to  nataralistj  ;  it  will  eufllee  tn 
observta,  that  the  more  delicate  forms,  as  fluatra,  miUeijafi, 
celleporii,  reteporaj*  &c,  are  very  abundfljit :  and  in  *om* 
Iw^alities  of  the  green  sand,  as,  for  example,  the  quarries  At 
Faringdon,  in  Berkshire^  the  strata  literally  swnrm  with 
various  speeics  of  spongia,  siphonta,  &c.;f  tbe  nature  of 
tbeae  fossils  will  l»e  explained  in  a  subsequent  lecture. 


•  See  Med&la  of  Creation,  vol.  i.  p,  2S4. 
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There  is  a  fossil  zoopbyte  ((Jlwamtes  Kanigi)  which  Ib 
■well  known  to  collectors  of  Susses  pebbles  hj  the  name  of 
petrified  sea-anemone^  from  its  supposed  resemblance  to 
the  living  Actinia  {PI.  VI.  fi^,  11) ;  but  the  original  was 
a  very  different  creature.  From  an  extensive  suite  of  spe- 
cimens, I  have  ascertained  that  it  was  of  a  pyriform  shape, 
with  a  central  opening,  from  which  numerous  tubes  radi- 
ated 5  and  these  are  oftentimes  exquisitely  preserved  in 
flint.  The  external  surface  frequently  exhibits  the  remains 
of  crucial  spines,  similar  to  those  possessed  bj  the  recent 
alcyonia.* 

Certain  polypiferous  zoophytes  (Ventriculites)  are  exceed- 
ingly numerous  in  the  chalk  near  Lewes  and  Brighton ; 
and  being  often  preserved  partly  in  chalk  and  partly  in 
flint,  give  rise  to  most  interesting  specimens,  which  throw 
light  on  the  segregation  of  silex  from  the  thermal  streams 
holding  that  mineral  in  solution,  which  were  periodically 
erupted  into  the  calcareous  sediments  of  the  chalk  ocean. | 

17-  Animalculites  of  toe  chalk. — ^Under  this  head 
I  will  notice  some  of  the  minute  organisms  of  the  eretaceoua 
system*  Th§  term  animalculiteSj  though  not  strictly  appli- 
cable to  all  the  microscopic  fossil  Infusoria^  may  be  cod- 
veoiently  employed  to  designate  the  remains  of  animalcules 
of  the  most  simple  structure;  and pol^thalafniaj  to  denote 
the  chambered  shells  of  the  foraminif era  ;  as  rotaha  (p.  249), 
textilaria^  &c.J 

The  Foraminifera  are  marine  animals^  of  low  orga- 
ni^atioDj  axid,  with  hut  few  exception Sj  extremely  minute  j 
in  an  onnce  of  sea-sand  between  three  and  four  millions 


*  ThoughlB  on  a  Pebble,  pL  1  &  2.      Med&ls  of  Creation,  ?oh  i. 
p.  264. 

+  See  Medals  of  Creation,  vol.  L  p.  274. 

%  Want  of  space  compels  me  to  refer  the  reader  for  many  detailB  on 
thiH  subject,  to  my  "  Not€»  on  a  Microseopkal  Examination  o/ChfitJt 
_  gad  Hint"  in  the  Annals  of  Nat.  Hiit.  1845, 
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liaFe  been  enamerated.  The  body  consists  of  unifbdin 
graimle^  inclosed  in  a  skin  or  membrane^  haviag^  ooe  or 
more  cavities  or  digestive  sac5.  Tbese  animab  mppeATi 
in  fact,  to  be  merelj  poljpes  protected  by  sbelb;  MOii 
haTe  a  single  cell  (  Orbulina)  :  others  consist  of  several  cdl^ 
dispo^d  in  a  conical  or  cylindrical  direction  {Nodosana). 
Another  family  has  the  shell  diseoidal  like  the  nautik^  tnJ 
divided  by  cells ;  these  are  the  pol^thulamia^  properlv  so 
called,  of  which  there  are  many  g^nera^  distinguished  bf 
peculiarities  in  the  aperture^  disposition  of  the  septa  or  par- 
titions^ and  direction  of  the  spire  and  rolntion^  :  1o  tiu$ 
group  belong  the  Hotalia,  RotaHna,  Crist ellaria,  %i€, 
these  forms  swarm  in  infinite  multitttdea  in  the  p: 
seas,  and  were  not  less  abundant  in  the  ancient  one^.  The 
Nammulites  of  which  we  have  already  spoken  fp-  248),  hare 
also  living  representatives  {nummtiHrta  of  M.  D'Orbi^j). 
The  distinguishing  character  of  these  sheDs  consists  m 
the  numerous  perforations  by  wbich  they  are  tiuvef«4 
and  which  in  the  Uring  state  afforded  exit  to  nunme 
filaments  or  proc^ses.* 

18.  Chalk  rotalijE. — ^In  the  Motedim^  whicb  are  ^ 
most  abundant  cretaceous  forms,  the  body  of  the  animal  i« 
inclosed  within  the  sheU^  and  occupies  all  the  chaniben  r 
and  the  perforations,  wbich  are  numerous,  admit  of  the 
exsertion  of  the  soft  transparent  feelers  or  pseado-podti^ 
which  are  the  instruments  of  motion.  The  shell  of  tbe 
rotalia,  theretore,  though  presenting  the  general  fonii^ 
tliat  of  the  nautilus,  is  essentially  diSerent  i  for  in  the  hAm 
the  body  of  the  animal  is  wholly  contained  in  the  oaltr 
chamber ;  and  the  internal  compartments  are  sacce^siTely- 
quitted  empty  dwellings ;  whereas,  in  the  polythaUfflitat 
all  the  cells  are  filled  by  the  soft  parts  of  the  aninukule 
contemporaneously.  When  the  shell,  which  is  calaufoo^ 
h  rt^moved  by  weak  hydrochloric  acid,  the  body  is  expoedt 
*  See  Medslit  of  CreAtioa^  toL  L  p,  %Z% 
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and  is  seen  to  extend  to  the  inneriuoit  chainber  ;  and  there 
13  a  connecting  tube  which  occupies  the  place  of  the 
eiphtincle  of  the  nautilus,  for  the  digestive  sacs  in  the  cells 
are  united  by  the  intestinal  canal ;  minute  infusoria  which 
the  animal  has  swallowed,  may  soraetimes  be  detected  in 
theae  receptacles,  Tlie  annexed  figure^  Lign.  59,  represents 
ft  recent  marine  polythalamian  deprived  of  its  sbelL 


\ 


I 


LicN.  Sfl— Tht  bnrty  of  a  rwenl  ft^rBniinifernm  anlmalcuk:  t]ie  shell  having  b*£Ji 

(HfleoUed  by  acid.    From  ih^  North  Sea,  olTCujthavcrL 

t  .V  s  n  iftn  t  n  a  Qernta  nlc^^^  of  Eh  re  nbcTf  j  } 

Id  »rtme  of  the  iii4.'ti  {Ht  n,)  Njiviculeb  An4  titUtr  Infuguria  Bwallflived  by  tli«  anlmflil 
are  visible.     From  EkTenb^fjft  Memoirf^ 

A  comparison  of  this  figure,  with  the  specimen  in  flint 
{ZA^n.  51,  p.  303  )j  will  show  the  close  analogy  between  thenj. 

The  soft  parts  of  these  foraminif era  occur,  not  only  in  the 
flintj  but  in  the  white  chalk  -  and  by  subjecting  the  latter 
to  the  action  of  dilute  bydrochlorie  acid,  the  bodies  of  the 
rotaliie  may  sometimes  be  detected,  as  distinct  in  form,  as 
in  this  recent  specimen  from  the  sea  {Lign,  59).  I  must  refer 
to  my  ob sensations  on  this  subject  in  the  Philosophical 
Transactions  (for  1846,  part  i v.  p.  465),  for  further  particulars 
of  this  remarkable  fact.  The  RotaliEB  and  Textilarlas  are  the 
prevalent  foraminifera  in  the  English  chalk  :  and  the  same 
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hi>(^:i^»  swarm  in  our  eeas,  and  are  abundaiit  in  tlie  sandj 
clayg  which  are  spread  OTer  great  part  of  CamlHidge- 
fehire,  Lincolnshire,  &c.  Mr.  Williamson  of  Manchester,  and 
Mr.  Smith  of  March,  haTe  sent  me  specimens  of  this  sand, 
princi[>ally  made  up  of  these  shells,  with  those  of  Xa^«iiii2a, 
Spiroloculina,  &c.* 

The  common  generic  forms  of  the  Ejiglish  chalk,  and 
Aome  of  the  species,  have  been  found  in  the  cretaceous  strata 
throughout  Europe,  Asia,  and  America.  From  numerous 
localities  of  America  I  have  obtained,  through  the  liberality 
of  Dr.  Bailey, f  earths  largely  composed  of  these  fossils. 
Mr.  Lyell  has  figured,  from  the  cretaceous  beds  of  New 
Jersey,  a  Rotalina  and  Cristellaria,  identical  with  English 

species4 

19.  CnALK  DETRITUS  AT  Charing. — ^I  must  condudc 
this  notice  of  the  cretaceous  polythalamia,  by  directing 
attention  to  a  remarkable  deposit,  first  observed  by  W. 
Harris,  Esq.  of  Charing,  Kent,  to  whom  I  am  indebted  for 
an  extensive  suite  of  the  prevalent  species.  Near  Charing, 
there  is  a  bed  about  a  foot  thick  of  chalk  detritus,  consist- 
ing of  white  sandy  tenacious  clay,  spread  over  the  outcrop, 
or  exposed  surface  of  the  firestone  ;  and  which  has  evidently 
originated  from  the  action  of  water  on  the  unconsolidated 
chalk  of  the  neighbouring  downs,  before  the  surface  of 
those  hills  was  protected  by  a  covering  of  vegetable  soil 
This  debris  is  largely  made  up  of  shells  of  numerous  kinds  of 

*  See  a  highly  interesting  paper  on  Foraminifera  from  the  Leyaot^ 
lioHton,  and  Charing,  by  W.  C.  Williamson,  Esq.  in  vol.  viiL  of  the 
Manoheater  Literary  and  Philosophical  Society,  1847. 

t  Dr.  W.  IVailoy,  Professor  of  Chemistry  in  the  U.  S.  Military 
Aoatlemy  of  West  Point,  Xew  York,  a  gentleman  eminently  distin- 
Ij^iftheil  for  his  scientific  attainments,  has  elaborately  mvestigated  the 
fosAil  infusoria  and  foraminifera  of  the  United  States,  and  pnbliahed 
the  result  of  his  researches  in  several  successive  numbeis  of  the  Ameri- 
can Journal  of  Science. 

♦  ikol.  Proo.  for  1845^,  p,  4. 
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foraminifera  and  infusoria,  with  spines  of  sponges,  and  a 
considerable  intermixttire  of  polygonal  spicuk,  resulting 
from  the  decomposition  of  the  large  fibrous  bivalve  termed 
JnoceranuiSf  so  common  in  the  chalk.  Intermingled  with  the 
decidedly  cretaceous  farms,  are  minute  ires h- water  sheila, 
which  have  probably  been  derived  from  some  modem  de- 
posit ;  and  many  shields  or  cases  of  small  marine  crustaceaoB, 
termed  Cyth^im  ;  which  are  related  to  the  Cy prides.* 
20.  Spirolinites. — TIn^  chalk  and  flints  often  contain 

beautiful  examples  of  a  fora- 
nainiferous  chambered  shellj 
of  a  croMier-like  form,  tormed 
Spirolinites  ;  of  which  several 
species  were  discovered  some 
years  since,  by  the  Marquess 
of  Northampton*  I  subjoin 
enlarged  figures  of  two  spe- 
cies {Lign.  CO)  ;  and  the  fol- 
lowing communication  J  with 
which  I  have  been  honoured 
by  his  Lordship* 

"  I  willingly  comply  with  your 
cle^Im  to  com  muni  «ito  a  short 
note  on  the  Sussex  Spirolimte^, 
one  species  of  which  you  have 
beeti  plcftsed  to  distinguish  by 
my  name.  I  hare  found  these 
fossil  a  in  flint  at  Brighton,  Kemp- 
town,  RottiiigdoMi,  LeweSj  Haiit- 
ing.s,  Steyning,  Chichester,  West 
Stoke,  and  in  the  L^le  of  Wight; 
and  one  specimen  in  France*  1 
dkcoTered   about   two  hundred  of  theae    minute   chamljcKd 


C3* 


LiGH.   60,— SlTTHJimiTES    IN     FLIWT 

Fig.  1.  S|jl/cllniie5  LyelUI. 
2,  S.  MurcliiaonL 

have 


*  The  only  notic*s  of  the  Charing  animalralites,  m  contamed  in  Mr. 

Williamaon'ii  memoir  above  referred  to.    U  is  to  be  hoped  the  inteJli- 

gent  and  liberal  discoverer,  Mr,  HarriB^  Tvill  publish  a  full  accouDt  of 

^e  geological  relations  and  ot-ganic  contetitfi  of  this  curiouii  deposit. 
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itiells  In  fliuti  bui  only  two  iii  chalk.  The  flpecimeiui  wbkk  I  Iuitq 
collected  coiiBtitiite  four  distinct  Bpceies.  1,  The  one  to  whi)di 
you  have  been  pleased  to  give  tbe  appellatian  of  *S.  Comjttm, 
%.  f^pirolinit^jt  LffdHi,  dktlnguitihed  hy  the  horizontal  ehmkci 
on©  nbove  the  other,  in  the  ceiled  portion.  3.  S.  Si^kedi^  whi^ 
I  name  after  otir  friend  Charles  Stokea,  Esq. ;  and  ihia  tioiiie  hu  tJM 
further  advantage  of  pointing  out  the  locality,  West  Sl^Q,  tM 
Chiuhe&ter,  from  which  I  wbtained  thm  iiniciue  BpeeimeQ,  ii4 
where  other  epirolinltea  abeuEd.  The  fourth  jrou  mu^l  allow  me  (o 
designate  S.  ManldlL  The  diatinctive  chAracters  of  these  wpmm 
are  teo  obviouB  to  requifo  detailed  doE;eription.  The  transverse  duia> 
bera  in  Si  Lyellii  (Lign.  60^ jf^.  1)  are  a  atriking  peculiarity  of  atmeiurt- 
I  am  inclmed  to  beliere  that  there  are  other  apecicj*  in  mj  collefltioii, 
but  the  irreg^krity  in  the  fnw^tured  aeetiona  of  thes«  minute  ^ixm* 
bered  shellaj  renders  it  dificalt  to  arrive  &t  accurate  conclu^ioM  on 
this  point.  *'  NojmijiMPTOir,'' 

"  OmttUe  AMy,  January  1,  1838." 

21 .  Criwoidea, — The  CrinmdQa^  or  lUy-sbaped  anjisiH 
are  but  sparingly  distributed  in  the 
chalk — a  circumstance,  aa  jou  will  here- 
after find,  in  striking  contrast  with  the 
aoologica!  characters  of  some  of  the 
older  secondary  formations.  Stems  of 
PentacrhiHes  occur  both  iu  the  chalk 
and  gait ;  aud  there  is  a  small  species  of 
Apiocrtmiej  which  is  pecuhar  to  the 
white  chalk.* 

A  remarkable  cretaceous  fossil  of  this 
class  is  the  Marmpite,  which  I  thus 
named  from  its  resemblance,  when 
closed,  to  a  purse.  The  Marsupite 
{Ltfj?i.  61)  was  a  crinoideal  animal,  of 
a  sub'ovate  form,  having  the  mouth, 
wliich    was   surrounded    by   arms,    or  ligm.(ij, 

tentacula,  near  the  centre.     The  skele-  /"^''m.'' j'^fu^'^rtr 
ton  was  composed  of  crustaceotis,  hexa- 
gonal plates,  united  by  suture,  and  the  arms,  which  vt 
•  Geology  of  the  South-Eaat  of  Eoglwid,  p.  111. 
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subdivided  into  a  few  brandies^  were  formed  of  little  boneif, 
or  osisfcuia ;  tlie  whole  was  inveated  with  a  muscular  tissue, 
or  membrane.  When  floatiugj  the  creature  could  spread 
out  its  teutacula  like  a  net,  and  bj  dosing  them,  seize  its 
prey  and  convey  it  to  the  mouth.  This  figure  {Li(/n,  61) 
is  restored  from  specimens  which  separately  exhibit  the 
parts  here  represented,* 

22.  Stau-fishes  of  the  chalk. t — Of  the  radiated 
animals  termed  Asterim^  or  star^fish,  several  genera  occur 
in  the  English  chalk  and  grcensand,  and  in  the  cre- 
taceous strata  of  the  Continent.  In  the  Su:isex  chalk, 
beautiful  examples  of  the  Goriuuter,  or  cushion-star, 
have  been  fonnd  j  but  they  are  more  frequently  met  with 
in  the  white  chalk  near  Graveseud,  Northiieet,  Puriieet,  and 
other  Kentish  localities.  The  cabinet  of  the  Marquess  of 
Northampton  contains  exquisite  specimens  of  Goni aster, 
partly  imbedded  in  fiint ;  similar  fossils  have  been  ob- 
tained from  the  siliceous  rock^  called  mkeUtom,  of  Itevoii- 
shire.  Several  fine  ex:ajuples  of  an  undescrihed  Asteriasof 
the  radiated  type,  with  elongated  rays,  and  large  ossicula, 
have  been  collected  from  the  Dover  ehalk  i  and  a  splendid 
specimen  from  that  locality^  as  perfect  as  if  recently  dredged 
up  from  the  sea,  is  in  the  beautiful  collection  of  Mi's.  Smith, 
of  Tunhridge  W^lls.  Detached  ossicula  are  very  abundant 
in  some  of  the  strata  ;  and  there  are  layers  of  the  grey  or 
lower  chalk,  w^hohy  made  up  of  the  debris  of  star-fish, 
minute  spines  of  echini,  &c. 

23*  ECHIXITE34 — Those  remarkable  animals,  the  Echini, 
or  sea-urchins,  are  too  well  known  to  require  particular 
description.     Their  spherical  shell,  or  case,  is  composed  of 


*  There  Ib  another  species  often  fonnd  with  the  above^  in  which  the 

pl&te«  are  coyered  with  rugoufi  markings ;  it  m  the  Jf.  omatus  of  the 

Mr,  Mi\ler, 

Medals  of  Cre?itioD,  vol.  i.  p.  33^. 
Bee  Medals  of  Creation,  vol  L  ohap.  xi.  p.  340. 
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polygonal  plates,  closely  fitted  to  eacb  other  ;  and  the 
finrfiiee  is  dmded  %'erticaUy  by  bunds,  like  the  meridians 
of  a  globe,  having  rows  oi"  double  perfomtioos.  The  shell 
Is  studded  over  with  papillaDj  which  vary  in  si^e,  in  th(j 
different  speoios,  from  mere  grauular  points  to  large  well- 
defined  tubercles.  To  the^e  papilla,  spines  are  attached, 
which  also  present  great  variety  of  figure  and  decoration  ;* 
these  are  the  instmmenta  of  motion ,  and  as  on  the  death 


Lieir.  €2. — Eobimitbi  ^irs  tpiirut  f  mox  the  ciiiLirK. 

i^i^,  5,  7t9nf  third  few  than  the  ori^imcU*} 

Fig.  I.  Cldarli  dlJidfima.  £>  4,  9.  S|>ine]  tff  Cidarla.  a,  NudeoU^ei.  5,  AujUi' 
€h)rteiiofalua.  6  A  ttibercleoraCldftrLi.  7,  SpatanfUi  oor  marlnuia.  S.  Spines 
ud  portion  of  ilio  slujll  at  a  Cldaf1«  in  Bint. 


of  the  animal,  the  tendons  by  which  they  were  fixed  to 
the  shell  decompoaej  the  rarity  of  fossil  specimens,  vrith 
these  processes  attached  in  their  natural  position,  is  readily 
explained.     The  Echini^  both  recent  and  fossil,  comprise  a 


•  Medals  of  Creation,  vol,  i*  p*  348, 


I 


f  24.  ECHINITEB  OF  THE  CHALK. 

great  variety  of  species,  whicli  are  arranged  in  ntimeroua 
&iib-genera,  for  tbe  convenience  of  study  i  but  I  can  notice 
only  a  few  of  the  common  forms. 

The  helmet -shaped  echini  tea  {Lign*  62,  Jig,  5)  are  ex- 
tremely abandaot,  and  in  some  localities  occur  in  ehoals, 
and  in  every  gradation  from  the  young  to  the  adult  state. 
Siliceous  castSj  formed  by  the  decompoBition  and  removal  of 
the  shell  from  the  flint  with  which  it  was  filled,  are  common, 
in  gravel  and  on  plouglied  lands.  The  cordiform  variety 
(^/t^,  7)  is  very  abundant,  and  gives  rise  to  the  heart-shaped 
flints  of  our  gravel-pitfl*  The  elliptical  species  {fig,  3)  is 
common  in  the  greensaDd.  The  turbinated  echini  (  Cidares\ 
are  beautifully  embossed  with  papillss :  a  small  species 
{Jig.  1)  is  frequent  in  the  chalk  and  fiints  of  Kent ;  the 
larger  varieties  possess  tubercles  {Jig-,  6),  surrounded  hy 
elegant  margins,  and  are  otherwise  richly  ornamented. 
Some  spines  are  slendcFj  and  covered  with  asperities  (^^.2)  ; 
others  almost  smooth  {fig^  9),  and  club-ahaped  {Jig,  4) ;  it 
is  not  often  that  spines  ajre  found  in  contact  with  the 
shell  {Jig^  8),  this  however,  is  occasionally  the  case,  and 
from  the  ehalk  at  Gravesend^  and  other  localities  in  Kent, 
splendid  examples  have  been  discovered ;  some  with  groups 
of  large  spines  attached  to  the  tubercles,  as  iu  the  living 
state. 

24*  Shells  of  the  chalk* — The  bivalve  shells,  or 
coBchifera  of  the  chalk,  are  very  numerous  j  of  one  genus 
alone  {T&rebratulu),  above  fifty  species  are  enumerated* 
Oysters,  scallops,  areas,  tellens,  and  other  famiHar  marine 
shells  abound  J  but  the  species  differ  from  the  recent*  With 
these  known  genera  are  many  which,  so  far  as  our  present 
knowledge  of  the  inhabitants  of  the  deep  extends,  are 
extinct.  Two  or  three  species  of  Cin^us  are  not  unusual  in 
the  English  white  chalk  ;  hut  the  univalves  are  few  ;  and  the 
only  specimen  of  a  large  simple  spiral  univalve  with  which 
1  am  acquainted  is  a  species  of  Dulutmj  of  which  several 
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gpecimens  bare  been  collected  from  tbe  marl  at  Ckytozt 
HiU,  Sussex.* 

Tlie  Maestricht  beds,  as  before  remark ed,  contain  many 
fossils  not  found  in  tbe  other  chalk  strata.  A  large  VokU 
(V,  Faujasii)  occurs  in  the  flint  nodules  of  St*  Peter i 

I  2  S 


Lion,    fi^.— SHIIiI^S    from    TffE    CBALK    FaUM ATIOJI . 

Fig.  1,  iDoceramusconc-eiiCrkus^  frtrai,  GnK. 

8.  Inoccramui  julcatui;  Gti^U. 

f.  Inaceramus  Ltumarckii;  Whiie-^hatk, 

S.  Belemnites  Lltteri;  QalL 

T.  Amnioaitei  Mantelli;  Chalk-msrL 
S.  PIogiqttDma  Aplncniun;   WhUtch&ik, 
tp  Ammonites  StitteiLfeDtla;:  ChatkmarL 

Mountain,  with  baculites,  ammonitea,  and  other  chirtc* 
teristic  chalk  fossila*  In  the  marl  at  Hamsej,  near  Lewa* 
I  have  discovered  a  few  genera  of  utiivalvtia  not  ^' 
viously  known  in  the  ehalk, 

*  Mineral  Conchology,  vol.  v>  tab,  426. 


SHELLS  OF  THE  CHAXK. 

The  sub-globular  terebratulee,  both  the  comrnon  and  the 
striated  Tarietiea^  are  verj   abundant.*     Another  bivalve 
equally  numerous,  h  an  elegant  sheU,  having  one  valve 
covered  with  long  spines  {Ligti,  63 j  fig,  8),  the  Plagiostoma 
xpinosiim*^  A  bivalve  with  a  fibrous  structure  (InoceramuSy 
Ijfgn>    63^  Jig.  4),  very  brittle,  and  having  a  crenulated 
Mnge  of  a  peculiar  construct  ion  j  presents  Dumerous  species  i 
fionie  of  which  are  small  and  delicately  striated,  while  others 
are  two  feet  in  diameter,  and  deeply  fniTowed*|    The  sub- 
fitanee  of  these  shells  closely  resembles  in  structure  that  of 
the  recent /min^;  and  fi*om  its  fragilityj  fragments  are  very 
common  in  chalky  flint,  and  even  in  pyrites.  §     The  Gait 
contains  two  epecies  of  this  genus,  which  have  been  found 
in  almost  every  localityj  and  appear  to  be  restricted  to  this 
division  of  the  chalk  j  they  are  the  Inoceramm  concentficits 
{J/ff^n.  BS^Jif/.  1),  and  /.  sulcatus  (Jig.  3)  ;  a  hybrid  occurs 
in  the  Folks  tone  beds,  partaking  of  the  characters  of  both. 
I  have  discovered  a  species  of  Spherulite  (S.  3IortoniJ  in 
the  chalk  near  Lewes,  in  Sussex  j  but  JUppurites,  so  com- 
mon in  the  cretaceous  strata  of  the  Continent,  have  not  been 
noticed^! 

The  shells  of  the  Marl,  Gait,  and  Greensand,  amount  to 
many  hundred  species :  those  of  the  whetstone  pits  of 
Blackdown,  in  Devonslurej  being  completely  silicifiedj  and 
changed  into  ailexj  jasper,  or  chalcedony  .If 

^  *  Medals  of  Creation,  toL  i*  p.  370. 

f  This  shcU  waa  formerly  supposed  to  be  peculiar  to  the  chalk 
itrata,  but  specimena  have  been  diBcovered  by  Mr.  Pratt  in  eocene 
deposits    Medals  of  CreatiiiD,  voL  i.  p.  390. 

I  Ibid.  p.  393.        §  Ibid  p.  396. 

II  Ibid.  p.  42S.  No  true  Hippurites  have  been  found  in  theEngliik 
cbdk ;  the  Bhells  of  the  family  Rndistei  hitherto  met  mth  have  the 
ch&raeiera  ansigned  to  the  gi^nus  Sphendite^^ 

^  The  sheila  of  the  crcjtaccom  formation  are  most  fully  described 
and  figured  in  M.  B'Orbigny's  beautiful  work  ou  the  foseils  of  Franee 
^Palfleontologio  Fran^aise, 
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25.  Cephalopoda  of  the  chaxk. — The  most  striking 
feature  iu  the  marine  fauna  of  the  cbaik^  as  coDtrasted  with 
that  of  the  tertiary  and  modern  formations,  is  the  great 
preponderance  of  multiloeular  cephalopoda.*  In  the  ter- 
tiary, and  existing  tropieal  seas,  one  genus  (the  Nantiks) 
occurs  abundantly*  The  beauty,  elegant  form,  and  re* 
markftble  internal  stmcture  of  the  recent  shell,  hate 
rendered  it  in  all  agea  an  object  of  admiration ;  yet  an 
accurate  knowledge  of  the  organization  of  the  animal  to 
which  it  belongs,  has  hot  recently  been  obtaiaed.  The 
Nautilus,  and  the  allied  fo,^sil  genera,  may  be  regarded  us 
Sepiie  or  Cuttle-fish  inhabiting  chambered  shellsj  wbich 
are  furnisll^Jd  with  an  apparatus  to  impart  buojancyi  aad 
enable  the  animals  to  swim  on  the  surface^  or  sink  to  the 
depths  of  thu  ocean  at  pleasure* 

A  few  remarks  on  the  recent  types  will  serre  to  render 
the  subject  intelligible.  The  Sepia j  or  Cuttle-Jish  of  oar 
seaa  is  of  an  oblong  form^  composed  of  a  jelly-like  substance^ 
covered  with  a  tough  akin  ;  the  mouth,  which  is  central,  is 
furnished  with  horny  mandibles,  much  resembling  the 
beaks  of  a  parrot.  The  animal  baa  two  large  eyes,  and 
eigJit  arms  studded  with  rows  of  little  cups,  or  suckers, 
which  are  powerful  instruments  both  of  locomotion  and  pm* 
bension.  The  soft  ho^j  of  the  sepia  is  supported  by  a  ske- 
leton, formed  of  a  single  bone  or  osselet  of  a  very  ciirioa* 
structure ;  when  dried  and  reduced  to  powder  it  is  the 
substance  called  pounce*  The  Cuttle-fisb  has  a  roe©- 
branous  sac,  which  secretes  and  retains  a  dark-coloured 
fluid,  resembling  itik  ;  this  the  animal  can  eject  when 
pursued^  and  by  thus  rendering  the  water  turbid,  escape 
from  its  enemies.  This  fluid,  properly  prepared,  forms 
the  colour  termed  $epiQ^  wliich  is  so  much  employed  in  the 
arts,  « 

■  See  Medals  of  Creation,  vol  ii.  p,  456,  for  an  m^ooimi  d  ibc 
Cephalopoda. 
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26.  The  nautiltjs. — The  shell  of  the  Nautilus  consists 
LLternfilly  of  a  aeries  of  chambera,  pierced  through  tbe  middle 
bj  a  sip  bun  cuius  or  tube,  which  extends  to  the  remotest 
ceJL  The  body  of  tbe  animal  resembles,  io  some  respeetSj 
that  of  the  sepia,  and  ia  contained  in  the  outer  recep- 
tacle of  tlie  shell  ;  it  maintains  a  connexion  with  the  inner 
clmmbera  hj  means  of  a  membranous  tube  which  lines  the 
fiiphuncle,  The  internal  chambers  are  air-cells,  and  the 
creature  hm  the  power  of  filling  the  siphuncle  only,  with  a 
fluid  secreted  for  the  purpose,  and  also  of  exlmu sting  it  j 
and  the  difference  thus  effected  in  the  speciiic  gravity  of  the 
animal  and  its  shellj  enables  the  Nautilns  to  sink  or  swim 
at  pleasure.  If,  therefore,  you  imagine  a  cuttle-fish  place d^ 
with  its  arms  extended,  in  the  outer  chamber  of  a  nautilus- 
shell,  and  provided  with  a  tube  connected  with  the  siphun^ 
culusj  hut  having  neither  ink-bag  nor  osselet,  these  being 
unnecessary  to  an  animal  with  the  protection  and  mechanism 

of  a  chambered  shell, 
you  will  have  a  tolera- 
bly correct  idea  of  the 
recent  Nautilus,  The 
Nautilus  is  essentially 
a  ground-dwelling  ani- 
mal, living  in  deep  wa- 

I^E7  ^ /^//fif  Ha^l^        *^'^'  ^^""^  feeding  on  the 
}  ^IjUu^UJM^^  marine    plants     which 

'  ^^^^^^^^  grow  at  the  bottom  of 

Lios.  64.— NAimtuf  BtEDAwst  fiom  the  the  sea.  Rumphius 
I  CLaDt.ni«L  r*e«  Lewes.  g^^^^g      ^^^^      -^     ^^^^^ 

and  that  by  means  of  its  tentacula  it  can  make  quick  progress 
along  the  ground  *  There  are  several  species  of  Nautilua 
in  the  chalk,  some  of  which  are  of  large  si^e ;  a  common 
marl  species  is  figured  in  Lign*  64* 

'  See  Medals  of  Creation,  toL  u.  p,  482. 
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27.  The  ammonite,  or  corku  ammonis. — The  ibssLlfl 
called  Ammonites,  first  appear  in  the  iecondary  formations i 
or  more  properly,  no  traces  of  their  remains  have  beea 
found  in  the  tertiary  or  any  later  depoaita.  The  Ammo- 
nite,  so  called  from  its  snpjjoscd  resemblance  to  the  hom  of 
Jupiter  Ammon,  is  a  fossil  chambered  shell,  coiled  op 
in  the  form  of  a  disk,  bearing  a  close  analogy  to  the 
nautilus,  but  differiug  in  the  situation  of  the  siphunculiis, 
and  in  the  septa  by  which  the  Interior  is  divided.  In  the 
Nautilus  these  partitions  are  entire,  aod  their  section  pre- 
sents a  series  of  simple  curves  i  hut  in  the  Ammonite  they 
are  very  sinuousj  and  the  external  surface  of  the  caati 
commonly  exhibits  markings  resembling  the  outline  of 
deeply  fringed  foliage  ;  the  shell  is  abo  generally  decorated 
with  flutiugs,  ribs,  or  tubercles.     The  siph  uncle,  or  sjphon, 

which  in  the  Nautilui  is 
central,  is  situated  at  the 
back,  in  the  Ammonite, 
I  have  placed  before  joti 
examples  from  the  Gait 
of  Folkstone-,  in  which 
the  shell  remains, — ftcm 
Watcbett  and  HartvreU, 
with  the  internal  im- 
crenus  coat  only, — whilf 
in  this  common  species 
fromWbTtby{Z,*^«.65), 
the  shell  is  altogether  wanting,  the  specimen  being  a  cftst 
of  the  interior,  formed  of  ax'gillaceous  iron-stone ;  a  state 
in  which  these  fossils  are  frequently  found. 

In  some  examples,  the  shells  and  partitions  of  the  cliam< 
bers  having  decomposed,  casts  of  the  cells  have  been  formed, 
which  fit  into  each  other,  and  admit  of  being  put  together, 
so  as  to  Bhow  the  entire  shape  of  the  ammonite.  Manj 
Imndred  kinds  of  Ammonites  are  known  in  the  secondarf 


fTom  fht  LiQ^  of  Whifb^. 
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formations,  and  certain  species  are  restricted  to  particular 
;ks.  Tim 9,  for  example,  the  chalk  marl  of  Sussex  ahounds 
two  species  {Llgti.  63,  ^ft0s.  7,  9),  whicli  verj  rarelj^ 
occur  either  in  the  chalk  aboYe,  or  in  the  gait  below ;  and 
in  every  iocalitj  of  the  marl  in  England j  and  on  the  Conti- 
nent, these  have  been  met  with.*  The  membranous  tube 
tof  the  siphuncle  sometimes  occurs  in  a  fossil  st^te,  as 
Imay"  be  seen  in  this  ammonite  from  the  chalk  marl  near 
res,  in  which  a  large  portion  remains ;  the  black  sub- 
^Stance  of  these  tuhes  has  been  analyzed,  and  found  to 
consist  of  animal  membrane,  permeated  by  carbonate  of 
Hme^t  ^H 

Ammonitea  vary  in  size  from  a  few  lines  to  twelve  o^l 
fourteen  feet  in  circumference ;  at  low  water  on  those 
parts  of  the  Sussex  coast  where  tlie  chalk  forms  the  base 
of  the  shore,  enormous  specimens  are  often  seen  imbedded. 
In  some  of  tbe  marls  and  clays  of  the  cbalk,  hundreds  of 
ammonites  occur  in  cluBters- 

28-  TuRRiLiTE,  HAiiiTE,  &c. — BacuHtes,  Ttif^rUiteSy  Ha- 
tnitesy  ScaphiteSf  and  other  genera  of  mnttilocular  shellsj 
abound  in  the  chalk-marlj  gait,  and  greensand.  The  turri- 
lite  {Zfign.  63,  fi[/.  2),  may  be  described  as  an  ammonite 
twisted  in  a  spiral,  instead  of  a  diseoidal  form  i  and  the 
hamitc  {Lign*  SByJig,  6)j  as  a  similar  structure  in  the  shape 
of  a  hook  J  coiled  up  at  the  smaller  extremity.  These  shells 
sometimes  attain  a  large  size  j  the  turi-ilite  before  you, 

*  See  my  FoBaili  of  the  South  Downs,  for  figures  of  maay  c1ib.H^| 
Ammonites :  also  Atmem!  Contjhology ;  Goological  juumal ;  Medflla 
of  Creatioa,  vol.  iL  p.  48&;  ami  M.  D'Orbigny*a  Palaeoatologie. 

i  Dr.  Ptoufc  is  of  opimoii  timt  tlie  black  colour  has  originated 
from  decompoidtiou ;  the  oxygen  and  hydrogen  of  the  animal 
membrane  bating  ci^«apod,  and  carbon  evolved,  a^^  happens  when 
Tegetable  matter  i«  converted  into  coal,  under  the  proceRU  of  niinemli- 
z&tiou.  The  lime  has  taken  the  pliLce  of  the  fixjgQn  and  hydrogen, 
which  existed  iti  the  pipe  before  deeompo&ition.— Z>r.  Bucidand's 
Bridgtwai^r  Easa^,  p.  352, 
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which  ia  the  finest  example  known,  would,  if  perfect,  e3«ieed 
It^o  feet  in  length  ;  it  posaesBes  traces  of  the  piphnaclfl. 
Very  large  hamites  antl  scaphiteB  have  been  found  in  the 
green^and  of  Kent,  Isle  of  Wight,  and  other  places,  llie 
first  specimen II  of  turrilites,  hamites,  and  scaphitejs  froa 
the  British  Btrata,  wore  discovered  in  my  early  researches^ 
in  Harasey  marl-pits,  near  Lewea.* 


\» 


^ 


Fig.  I.  BftumnlfeUa  mncninata  ,f  froinchjilkt  Brighton.    On  the  rightafthf  ^rt 
Is  »  view  of  the  uperturii  f  ftnd  beneath  it  a  traii^vcnc  sectioiKir  thfl  t/Am 
TiUe^  ihowing  the  radiBted  structure, 
2.  Portion  of  a  Belemnlte  containing  the  lutefllil  chs£ali«fvd  lOielli  Cifltittt 

A.  BHemnifHk^  qttftiJrnin ;  from  BeftnvsJt,  France;  flie  quailraDgiiLu  csTlifd 

itiawn  In  th«  nppGi  Ajfurii  on  the  left. 
4i  MtltmHiifit  diluiuim ;  from  tbe  Green«n.nd,  France?, 

29*  The  belemnitb. — Among  the  innumerable  relics 
of  marine  animals  which  occur  in  the  secondary  depositi 

»  Seo  Sowerby's  Mineral  Conchology^  yo\.  i.  tal).  18,  From  lk< 
recent  ctittmgfi  throtigh  the  chalk -marl  at  0  AT  ham,  in  fonniog  tilt 
railway  from  near  Keymer,  through  Jjewe^^to  Newkaven,  I  obtained  i 
fin©  genes  of  all  theee  genera*  Figiirei  of  ^Turriliteft,  Scapkttc*,  tt. 
aro  given  in  Medak  of  Creation,  voL  li.  pp*  502,  ^04, 

f  See  Medals  of  Creation,  toI.  ii.  p.  462.  Bd^nniteUa  m  the  gi^ 
ric  natno  of  the  beloamitea  having  a  tseni*  down  the  front  of  tl« 
nlTeolus,  or  cavity  which  rooeivea  the  phragmoeoae. 


§  SQ.  BELEMNITEB  OP  THE  €HALK. 

there  are  none  that  have  excited  so  much  curiosity,  and  given 
jim  to  80  many  conjectures  as  to  their  nature  and  origin, 
as  the  fossils  termed  Dekninites  by  geologist s^  and  wliit^h 
are  generally  known  as  tkunderholtSu  These  are  long, 
cylindrical,  or  fusiform  stones,  more  or  less  pointed  at  one 
extremity,  and  having  at  the  other  and  larger  end  a  conical 
cavity,  which  is  either  occupied  by  a  chambered  shell,  or 
filled  up  with  the  clay,  sand,  or  stone,  in  which  the  be- 
lemnite  happens  to  be  imbedded*  The  substance  of  these 
bodies  is  invariably  calcareous  spar,  of  a  radiated  structure 
{Ligfu  ^^^  fig^  1 )-  Such  are  the  nsual  charaetera  of  these 
fossils,  of  which  there  are  nnmerous  species ;  certain  forma 
abounding  in  the  cretaceous  strata-  A  very  common  chalk 
belemnite  is  figured  Jjign,  ^^^  Jig^  1  ;  and  a  peculiarly 
transparent  species  from  the  Gait,  Lign^  63,  jig.  5<  These 
bodies  were  the  oaselets  of  cephalopoda  allied  to  the  B&piUf 
which  possessed  an  ink-bag,  mamlibles,  large  eyes,  and  arms 
furnished  with  acetabula  or  suckers,  and  slender,  elongated, 
hooks.* 

30,  Crustaceans  of  the  chalk-I  —  Specimens  of 
several  genera  of  ernataceana  have  been  obtained  from  the 
Sussex  chalk  ;  among^  these  are  three  or  four  species  of 
Astacus  or  Lobster,  in  which  the  filiform  antennsBj  the 
abdominal  segmentSj  and  the  caudal  appendage,  or  tail,  are 
preserved,^ 

In  the  Gait,  the  crustaceans  hitherto  discovered  belong 
to  very  small  species.  I  have  obtained  from  Eingmer, 
near  Lewes,  and  Folks tone^  specimens  of  several  extinct 
forms,  which  are  related  to  Indian  genera.  §  Li  the 
Speeton  clay  of  Yorkshire,  Professor  Phillips  has  dis- 
covered a  beautiful  species  of  Crayfish.  {|  The  green- 
sand  of  Kent,  Doti^etahire,   and  the  Isle  of  Wight,  has 

•  MedalB  of  Creation,  yoI  il.  p.  46 &.  f  Ibid.  p.  $Z^> 

t  Ibid,  p.  537,  §  Ibid.  p.  532.  1]  Ibid.  p.  5i0. 
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^H        fleld,  eepeciallyj  abound  in  several  species  of  Lobster** 
^H  In  the  limestone  of  St.  Peter's  Mountain,  the  daws  of  a 

^M  BmuU  speciea  of  Crab  aro  frequently  discovered  (Li§n,  67)» 
^^^^Ltiut  without  any  other  vestiges  of  the  animaU  M.  F'ai^as  St. 
^^^^^Fond,  and  Latreille^  have  very  ingeniously  expljiinLvi  tlii* 


fact,  by  showing  that  thesft  remains  belonged  to  a  parasitieil 
Bpcciea  of  Pagurusj  which,  like  the  common  hermlt-cnil>  d 
our  seas,  had  the  body  covered  by  a  delicate  membrane, 
the  claws  alone  having  a  shelly  case  ;  hence  the  latter  ttugbl 
be  found  in  a  fossil  state^  while  of  the  other  parts  of  tlie 
crustacean  no  traces  would  remain. 

31.  FisiiES  OF  THE  CHALK.— The  fossil  fishea  of  tfc« 
white  chalk  were  known  only  by  the  teeth,  which  aboond 

*  Some  of  the  lay  ere  of  the  g^rceoBand  at  Atherfiold  oentiin  mwm 
romamfl  of  two  or  throe  HpecLeft  of  ianall  Astftci^  a«  to  be  ieiiii«d  tJ» 
**  Lobwtcr  h&kr  See  my  Geology  of  Uke  lelo  of  Wight^  ppi.  225,  ^ 
Hud  the  vignette  of  th«  title-page  of  that  volumo. 
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10  almost  every  quany,  until  my  researelies  in  tlie  chalk - 

E\  around  Lewe^  brought  to  light  many  extraordinary 
simcns,  and  showed  how  suek  delicate  remains  could  be 
eloped.*  Professor  Agassijc,  by  whose  genius  and  labours 
this  departmeut  of  palaeontology  has  been  most  successfully 
Mueidatedf  has  adopted  a  ciasBification  of  fishes^  founded 
ipon  the  peculiar  structure  of  the  scales -*  a  method  of 


trios.   fiS,— ScAl.»i   OV   -MiE    FOfln   OHUEltS   0*    FH^Kf, 

PSff.  1  ■  Scale  ofLepidetHi  ;  a  £sh  of  the  Gtinoid  order. 

2.  —       Rttif  I                  —^         PlacoiU   ~  . 

i,        —         Emlmnn  i  — —         Q^io^    - , 

*         -^        Ewr^x ;  tllm^i4   —  , 

great  utility  to  the  geologist^  since  the  mutilated  state  in 
which  the  fossil  remains  of  fishes  generally  occur,  often 
renders  futile  all  attempts  to  refer  them  to  the  orders  and 
genera  of  other  systems  of  Ichthyology. f 

32,  ScAiEB  OF  FISHES. — ^M,  Agassiz  includes  all  fishes 

*  I  believe  the  Foaeib  of  the  South  Dowm  (1822)  contained  the 
fiist  pubUahed  figures  of  fishes  from  the  EngUHh  chalk. 

t  Eecherchessur  tes  PoiaBons  FaSRiles,  par  Louis  Agasaia; :  five  t^s. 
folio  of  coloured  figures^j  imd  two  quarto  voIb.  of  letter  press. 
~  z2 
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in  four  orders,  which  are  distinguished  bj  the  structure  of 
the  scales,  as  exemplltied  in  the  foUowing  tables  {Lign*  68). 

Order    I.  Tlie  Fk^coid  ;  the  fikln  covisred  witk  irregalar  en*mel' 
led  pUtcs^  a^  in  the  KaySj  Sbarts  {Liffn.  ^S^^g*  2). 
II,  The  Gauoitl ;  the  scales  of  mi  jingiilar  form,  and  com- 
posed of  plates  of  horn  or  bone  covered  with  ft  thiek 
Iftyer  of  eiiamel ;  sain  the  Sturgeon  {Li^,  08,J%«  1). 

in.  The  Ctenoitf ;  the  iicale»  formed  of  plates,  which  ajie 
toothed  or  pectinated  on  their  posterior  margin  or 
edge,  like  r  comb  ;  as  in  the  Perch  {Lign.  68,j^.  4). 

IV.  The  Cycloid;  the  scaleEi  compo^d  of  simple  latin iii«>  of 
horn  or  bonO}  without  enamel  ^  and  having  smootli 
bordeiR  I  as  in  the  Salmon  {Lig^i.  6S,_/i^.  3)><* 


LiaH.  69,— SCAtEl  OP  FliflKi  IV  FI,1XT 

PIff.  I.  A  IVagtn^nt  of  flint  ccnt&ininiir  Iwo  scalei,  of  the  natunil  bIzp. 

a.  One  of  the  scales  UigMy  magnified;    It  belonga   to  tbe  species  of  Bfrgr^ 

flgured  in  Li^jt.  68. 
3.  The  other  ficale  hijjliljr  nmcnifledt  It  belongp  to  tlie  ipecks  otSm^n^  figmed 
in  Lign.  Ti^M*  I. 

Patclies  of  scales  are  very  abundant  in  some  of  the  white 
chalk  strata  in  Susses  and  Kent  j  and  occasionallj  very 
perfect  examples  of  the  entire  body  of  the  fish,  with  the  fins 
attached^  are  obtaioed  ;  which  by  proper  dissection  maj  be 


*  See  Medals  of  Creation,  vol.  ii.  p-  593. 


Beautifully  displayed**  Scales  and  teeth  ore  oocoBionaUy 
found  in  flint  ;  eometimea  adherent  to  the  eurface,  and 
in  other  instances  im bedded  in  the  stone.  A  fragment 
of  flint  to  which  two  minute  stales  are  attached  Is  figured 
in  Lign.  ^%Jig.  1  ;  and  the  scales,  highly  magnified,  are 
represented  in^fys.  2  and  3* 

33.  Teeth  of  sharks,  &c. — Tectli  of  several  genera  of 
fishes  abound  in  the  cretaceous  deposits :  and  of  these,  by  far 
the  greater  number  belong  to  the  Sharks ;  a  family  which 
in  the  ancient,  as  well  as  in  the  modern  seas,  appears  to 
have  been  confined  by  no  geographical  limits,  A  group  of 
some  of  the  usual  forms  is  represented  in  Lign.  70,  These 
teeth  possess  a  high  polish,  and  are  in  an  excellent  state  of 
preservation  ;  they  generally  occur  detached^  owing  to  the 
decomposition  of  the  jaws,  whicEi  from  their  cartilaginous 
nature  ure  but  seldom  pi^served.  A  few  specimens  of  the 
fiithea  termed  Myhodm^^  havej  however,  been  found  with 
several  rows  of  teeth  attached  to  the  jaws. 

Largo  fiat  teeth,  having  a  series  of  deep  angular  plai tings 
ou  the  crown,  surrounded  by  a  border  of  papillie  {Ltgn,  70, 
fiil$.  4,  5),  are  very  abundantj  and  are  commonly  known  as 
'*  piilates."  They  belong  to  a  genus  of  the  shark  family  called 
Pfychodm  (rugous  teeth),  allied  to  the  Cestracmn  or  Port 
Jac/tson  Bkarh  A  group  of  teeth  has  lately  been  found  in 
the  chalk  by  the  Marquess  of  Northampton,  which  differ 
but  little  from  those  of  the  recent  living  species.  Dorsal 
niya,  or  fin-bones,  belonging  to  these  fishes  are  occasion- 
ally met  with  in  tlie  chalk  ;  the  first  known  examples 
were  figured  in  ray  B^ossilsof  the  South  Downs  (TW^  39)4 

*  ftst  dii^tionH  how  to  elear  chalk  fiaheBi  m^  Medals  of  Croatian, 
vol  il.  p.  073,  AU  my  bo^t  epccimenaj  moit  of  which  are  figured  In 
lb@  work  of  M.  AgaBaix.  arc  now  in  the  BritUh  Mmouro. 

f  Medalfi  of  Croation,  vul.  ii.  p.  609  ;  Geology  of  the  IhIg  of 
WJghti  p.  238. 

X  Medalftof  Crettion,  vc*i  ii.  p,  605, 
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8(.^vcral  dorsal  spinei  of  a  Shark  allied  to  the  l>nf4iili  li 

(Aff^nthhtif)  of  our  coasts,  were  found  in  the  same  qaarrii**  h 

Vtrtebroe,  and  otlier  remains  of  si i arks,  have  been  obttiad  i 


LitiM.    70.^T£EMt    i\V  SilAHltt:    VTMHA    TItK    IMMLk  Ml^All   LVVil. 


S.  NiitidAdUB  mkjrodurt. 
fl,  PtycbodJUi  poljfanii. 


2.  Lniiiim  cfniAlilrnB. 
4.  Pty c  hod  II B  |f aly K  urus, 


■  Medal*  of  Crention,  vol.  H  p.  eoj). 


I  IbiiLp.0lIl 


ill  toiiaiderablG  numbera  from  the  dmlk  of  the  soiitli-<sfl^i/ 
Eti  gland. 

The  mandible,  or  anterior  part  of  the  maxiUary  Imjiju  mI 
a  fiaU  belonging  to  a  very  remarkable  family,  of  wliiclj  tlu^ 
Ckwuera  ts  the  only  living  type^f  was  found  in  the  cMk 
marl  at  Harasoyj  near  Lewett,  many  yeara  sijice,  asaociatitl 
with  turrUites,  hotnit^sii,  &c>  and  »ube^equentty  c^xftrnplcfl  i>f 
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aany  other  forms  have  been  discovered  in  aecoadaij  und 
tiary  strata  ;  thus  affording  evidence  tliat  the  anoient  seas 
inhabited  by  several  genera  of  this  curio ua  and  now , 
Smited  group.* 


Lien-  71. — MAJtiLLAaif 


HOME    Otf    A    Fian    AHiliTED    TO    THE    ClllV£RA  i 


(End^phadan  M^ntHii;  h^ifthe  attturml  Miiae./ 


34-  Htpsodon. — Teeth  of  large  fishes,  belonging  to  that 
division  called  Sauroid,  from  their  combining  in  their 
structure  certain  characters  of  reptileSjt  ^^^^^  ^^^^  found  in 
the  white  chalk  J  gait,  and  greensaud.  They  are  of  a 
conical  form,  longitudinally  striated  externally,  and  bearing 
a  general  resemblance  to  those  of  erocodilea,  for  which  they 
were  formerly  mistaken-  Remains  of  several  other  large 
fishes  are  preserved  in  various  private  collections,  but 
have  not  yet  been  seientificallj  examined* 

There  is  however  a  genus  of  extinct  fishes,  allied  to  the 
Pikes^  vfhich  has  been  established  by  M.  Agassiz  from 
some  vertebral  and  other  bones.  It  is  named  Hypsodon^ 
from  the  straight  and  pointed  form  of  the  teeth.  A  jaw 
with  teeth,  some  vertebrae,  and  the  oa  hyoides^  of  this  fialij 

*  Sir  P*  G,  Egcrtoii  liaa  very  recently  laid  before  the  Geological 
Society  iMn  admirable  memoir  on  the  IbsaU  CMma^roid  fbhoe^ 
I  Medals  of  Creation,  vol.  ii.  p.  650. 
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were  first  discovered  in  the  chalk  near  Lewes,  and  are 
figured  in  PL  xlii.  of  my  Fosails  of  the  South  Dowita* 
Their  reptilian  character  led  me  to  consider  theio  aa 
belonging  to  a  sauriao,  until  I  obtained  a  considerable 
portion  of  the  cranium,  jaws  with  teeth^  the  bone  that 
articulates  the  lower  jaw  with  the  skull,  and  several  bicon- 
cave vertebr^j  imbedded  in  a  block  of  chalk,  and  belongiiig 
to  the  same  individual.* 

3  5 ,  Fob  sil  Salmon.  {I^ign.  7  2.  Jig.  1. ) — Of  the  cycloid 
order,  or  fishes  with  scales  of  a  cycloid  or  circular  form 
and  smooth  margins,  and  composed  of  plates  of  horn  or  bone 
without  enamel,  there  are  two  or  three  species  belongiog 
to  the  Salmon  family,  which  occur  in  the  lower  chalk  iie^r 
Lewes.  These  ichthyolites  are  exceedingly  beautiful,  and 
generally  have  the  body  uncompressed^  and  as  round  aad 
perfect  as  when  the  fishes  were  alive.  The  entire  craniamt 
opercula,  branchial  rays,  and  finsy  are  preserved  in  some 
examples.  From  the  close  affinity  of  theae  fishes  to  the 
Smelt  {Osmertis)f  they  have  been  named  Omi^oidMs,  Id 
one  specimen  I  succeeded  in  clearing  awaj  the  chalk,  so 
as  to  expose  the  entire  fish,  which  lies  six  inches  in  rdiet 
being  attached  by  the  back  to  the  block  of  atone ;  the  mouth 
is  open,  and  the  opercula,  or  gdl-covers,  and  the  brancliitl 
arches  are  expanded  ;  the  pectoral,  dorsal,  and  ventral  fin* 
are  in  their  natural  posit  ion.  f 

Even  to  those  whose  curiosity  has  not  previously  been 
awakened  by  the  Wonders  of  G-eology,  the  examination  of 
these  petrified  inhabitants  of  the  ancient  chalk  ocean  can- 


*  Thijj  fine  specimen  is  no^-  in  the  BritiBh  Huieum,  wlUi  otlicf 
wnudns  of  ibo  Hypiwdon, 

A  splendid  specimen  of  jnws  and  pfemaxillaty  boaes,  with  aiUM- 
TOtm  teetbj  that  difier  from  the  llypsodon  Lewefiiensis  in  heiiigaM^tij 
curved,  is  in  the  eboicc  cciUeelion  of  Toulmin  Smith,  Esq.  of  Higti^tc^ 
Two  Hpocies  of  Hyp&odoa  have  been  identified  in  the  London  div. 

I  Medal fj  of  CreaticDj  ToL  ii.  p,  ti63. 
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foil  to  cxelt^  deep  intermit ;  and  I  hmt  allten  Dsen  the 
mfiii  of  fa^ldon,  an  woll  a»  tbct  pliiloHoptior,  gaze  in  mutu 
ius ton irthni tint  on  these  "  relics  of  a  fijrmer  world/* 

Hbmo  Ejcmblimco  to  thu  hirgfj  CurpH  in  jt»  general  outline, 
Bui  eHAentially  diiTering  iti  ha  atrvniiuvo.^  m  the  moat  re* 
inarkiible  iehthyolitc  whicli  my  /eHi*an'.fiiia  in  tho  chalk 
quarrii^w  uround  Lewe«j  have  brought  to  light  ;*  but  it  was 
not  till  after  many  years  of  perscvoring  reauaruU  that  the 
nature  of  iim  original  wa.'^  fully  illuBtrated.  Tlib  tiuh  when 
at  maturity  must  have  exceeded  two  feet  In  length  t  Ha 
dkeleton  i&  iimmy^  hidicAting  a  powerlul  frame  ;  an<l  its  tlih^k 
**cakiSs  wtroug  iinj^  and  sharp  teeth j  Mhow  that  it  wiu*  a  vora- 
cious animal,  eapahle  of  piu'Huiog  and  ovf^rtaking  live  prey. 
The  heatl  is  very  large  ;  being  nearly  equal  to  one -fourth  the 
length  (d*  t!ie  l>ody,  The  Hcale»  are  large,  and  are  eovered 
on  the  exposed  surfai^e  with  pohited  elongated  cylindorai 
The  operiiula  are  very  long.f  The  niys  of  the  fins  are 
large  and  rigid,  especially  those  of  the  ante  nor  dorsal, 
whieh  are  armed  on  each  aide  witli  rows  of  ihaqi  spines* 
The  tail  in  very  large,  rovtiidtnl,  mid  fan -shaped,  with 
jitrong  tHpml  niys,  Hup|Mnii'd  by  the  in  fen  or  and  superior 
ipinoua  procesrirn  ul'  I  lie  caudal  vcrtchrm.  The  form 
of  ihcj  jaws  and  teeth  ia  also  remarkable,  but  my  limits 
will  not  admit  of  furtlier  detaiU,  In  every  example 
1  have  found  tlie  remains  of  what  1  siq*]>esed  to  he 
the  air-hladdi-^r,  hut  which  M.  Aga§»iz  allirujs  to  he  the 
Btonia(d),  It  is  an  eblnng  cylindrical  body,  apparently 
terminating    at  one    end    in    n    cul-de-aao :    its  HurJaee 

H  *  FomUh  of  tfaa  Bouth  Duwum.    It  in  deikirllHsd  under  ihn  ofuna  of 

K|Mrf<t  I/et&^kfmM.     Tbo  ImrgoHt  ^ipocimun  tharoia  flgiarod  (Ph  SS) 

Kl^iftmM  to  Daroa  Ouvlor^  And  it  Ik  aaw  Iti  ttio  muH^um  of  the 

/irdln  ttoi  PlaatoH. 

f  Whence  tho  aatac  MactQimna ;  fi^Kph^  hug,  and  irS/ua,  ofet- 
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has  a  sqaamotis  appearance^  owing  to  the  eeparatioa 
and  parti nl  exibliation  of  tliG  aiembranes  of  which  its 
walls  are  composad.  Under  the  microscope,  the  rami- 
fication of  the  Tossels  through  these  tissues  is  distinct); 
seen.  Coprolites  {or  fossil  eater emciits),  having  a  shghtl/ 
convoluted  form,  are  often  found  with  the  retuftlm  of  the 
Maeropoma** 

37*  Bkuvx  j  and  other  fishes  of  the  chaik*— It 
would  require  a  separate  work  to  notice  in  detail  even  ni^f  own 
discoveries  in  this  division  of  the  fauna  of  the  chalk  ocetui, 
which  comprise  more  than  fortjr  speeiea,  I  must  content 
myself  with  UrieiJj  noticing  some  of  the  most  interesting 
eKamptosij  and  referring  to  M.  Agassiz^s  splendid  volus 
in  which  all  tlie  chalk  fishes  known  at  the  time  of  ib 
publication  are  beautifully  figured^  and  philosophicalty 
interpreted.  But  so  rapid  has  been  the  progress  of  dis* 
covery  that  many  new  genera  have  since  been  brought  to 
lightp 

Certain  fossil  fishes  closely  aUied  to  the  Perek^  were 
my  first  treasures  of  this  class,  and  are  among  the  tn<ist 
abundant  of  the  Sussex  i*:hthyolites.  They  belong  to  th*' 
genus  Beryx^  of  which  there  are  two  species  now  living  in 
the  seas  of  Australia,  Outlines  of  two  of  the  most  commdu 
species  of  the  Sussex  and  Kentish  chalk ,  are  given  in  LhjM. 
75  and  76*  The  horny  capsule  of  the  globe  of  the  eye  k 
often  preserved  in  these  fossils.f 

The  annexed  figures  {Ligm*  72,  73,  74,  75,  76)  are  rf- 
stored  outlines  of  seven  of  the  Sussex  ichthyolites,  executed 
by  Mr.  Joseph  Dinkot,  the  eminent  artist  employed  b/ 
M.  Agassi?!4 


*  ConBult  HeoherohoB  Bur  Im  Poieflonn  Fossiles,  tome  ii.  pui  Adft 

p.  in. 

f  McdttlH  of  Cix*3fcUon,  vol.  il.  p.  669, 

Z  Mn  Dinkol  now  TcMm  in  London;  M  13^  Qr^t  IimoHiliielf 
DcilfoJtl-row. 
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Limr,  73k— Ftg.  ].  AifLOL£FiaTYFUB.    Length  a  liuatiei.     V^igvw.    Pr«nC 

Fig.  2.    MAcnoroMii   MjiiiT#.i.L].      Length  24   [nchcB.      Ffom  the  eM 
quftrrlei  near  Leff», 


>iT.  74,— DiBciTit  SLOVOATTTB.    length  U  iDchei.    From  X^wei, 


I  of  tbd  cyliniricAl  budy  of  fisheit  of  thii  gtinuji  oeeur  abundantly  Its  iht 
li  Pmlqn,  near  Brighton.  The  omline  reprceentg  a  ipecimen  colkcted  from 
i]k  neft^r  LewtM ;  [t  Is  the  only  InHtHnee  In  which  th?  f^ranjum  remalDi. 


Lion.  f5.— Bebtx  RAniAjri.    Lengtli  7  Inches*   Pram  lh«(;balk-marl,  nes 


ThiB  speclea  is  generalli'  found  in  the  bw«r  chalk  and  chalk-marl. :  spi 
have  been  collected  at  Lewes^  Claytms^  Eteyning,  and  Anindel,  in  8u«i«x; 
BurhflMt  and  nesjr  Maidstone,  in  Kent. 


roSSlL  FISHES  FROM  LEWEB. 


mi 


Liolf, 


^G. — Bbrtx   Lewxsiemsis.     Length  12  Inchea.    From   the   Lewes 
Cbalk. 


mis  is  ttaetnoit  ibundAnt  uf  the  iuiwx  iebthyqlites ;  und  la  iirJilled  /oAnn£^I>bri 
by  the  qiujiryiiicn.  Detached  scales  are  -very  frequent  m  the  cbdifc  of  the  South 
Ddwnfl,  niid  alio  In  that  of  K^tit  an^j  Surrey .  Some  5iie  Bpecim&UH  of  thla  speciH 
hate  reccntlsr  been  found  in  the  chalk  of  Chatham  and  Maidstone. 
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Lign.72,fig,l.  Otmeraides Manidlu  TloBUgate 9aawfjE%eomci 
idea  of  the  genenl  oatline  of  the  tomSL  Mmngm,  found  in  the 
Lewef  chalk. 

Lign.  l%Jig.  2.  Acrognaihuu  hoops.  I  hsre  wen  hot  one  epedmen 
of  this  small  fish;  the  relatlTelj  laige  jaw  and  ej%  are  indi- 
cated by  the  name.  The  upward  bend  of  the  candal  extremity 
is  doubtless  acddentaL 

Lign.  1Z,Jig.  1.  AuloUpU  typus.  This  is  likewise  an  nniqne  flpe- 
cimen  of  a  fish  six  inches  long,  having  scales  of  a  peculiar 
character. 

Lign,  74.  DercetU  elongahis.  Fragments  of  the  elongated  sab- 
cylindrical  body  of  this  fish  yery  frequently  occur  in  the  chalk 
of  Sussex,  Kent,  and  Hampshire.  Examples,  two  feet  and 
eyen  more  in  length,  are  occasionally  met  with ;  and  yet  but 
two  instances  are  known,  in  which  any  vestiges  of  the  skull, 
or  of  the  tail,  can  be  traced.  In  the  specimen  from  which 
the  figure  was  taken,  the  parts  represented  were  dearly  defined.* 
The  Dercetis  had  on  the  sides  three  rows  of  dermal  scutcheons 
(like  those  of  the  Sturgeon),  that  extended  oyer  the  body,  and 
the  intervals  between  them  were  covered  with  small  scales; 
in  moat  specimens  the  latter  only  remain. 

Lign,  76.  Beryx  radians,  Lign.  76.  Beryx  Leweaiensis.  Several 
examples  of  these  ancient  fishes  of  the  Perch  tribe  haye  been 
found  as  perfect  as  in  these  delineations.  Another  and  more 
delicate  species,  with  a  very  small  head  {Beryx  microcephaius), 
is  occasionally  obtained  from  the  chalk-marl,  exquisitely  pre- 
served. 

Tn  tho  other  subdivisions  of  the  cretaceous  formation, 
remains  of  fishes  occur  more  or  less  abundantly  in  various 
parts  of  England,  the  Continent,  and  America.  One  lo- 
cality only  can  here  be  mentioned ;  Glaris  in  Switzerland 
has  long  been  celebrated  for  the  profusion  and  variety  of 
its  ichthyolites,  which  occur  in  a  very  hard,  black,  laminated 
shale.  This  shale  is  highly  bituminous,  and  can  scarody 
be  distinguished   lithologically  from   some  of  the  most 

*  See  Medals  of  Creation,  roL  ii.  p.  658. 
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ancient  slate  rocks.  Bat  from  the  characters  of  the  fossil 
fishes,  which  are  all  of  cretaceous  genera,  M.  Agassk  was 
enabled  to  solve  the  proVilenij  and  prove  that  the  Glaris 
slates  belong  to  the  chalk  formation  ;  the  altered  condition 
of  the  rock  having  reaulted  from  the  effect  of  bi^h  tempe- 

I  rature  under  great  pressore. 

In  concluding  this  cursory  notice  of  the  fishes  of  the 
cretaceous  epoch  I  would  remark  that  two -thirds  of  the 
genera,  and  almost  all  the  species,  are  extinct j  but  related 
to  tertiaiy  forms.  This  result  is  in  accordance  with  that 
derived  from  the  eSBmination  of  the  zoophytes^  moUusca, 
and  other  organisms,  which  have  come  under  our  notice  in 
the  course  of  this  review. 

I  38.  Eeftiles  of  the  chlaxk:, — The  remains  of  reptiles 
discovered  in  this  formation,  though  not  veiy  numerous,  are 
sufficient  to  arrest  attentioUj  when  contrasted  with  the 
entire  absence  of  all  traces  of  warm-blooded  animals.  We 
perceive,  as  it  were^  the  first  indications  of  that  remarkable 
discrepancy  in  the  relative  numerical  proportion  of  the 
mammalia  and  the  reptilia,  wliich  distinguishes  the  se- 
condary from  the  tertiary  and  modern  epochs. 

The  most  estraordinarj  of  the  reptiles  peculiar  to  the 
chalkj  is  the  Mosasaurus  of  Maestricht  {antef  p.  311)*  A 
few  yertehnej  apparently  of  this  animal,  have  been  found 

'  in  the  white  chalk  near  Lewes.  In  the  cretaceous  strata  of 
America,  my  friend  Dr*  Goorge  Morton,  of  Philadelphia, 
discovered  teeth,  which  are  specifieallj  identical  with  the 
Maestricht  reptile.*  In  the  Essex  chalk,  portions  of  a 
jaw,  with  teeth,  belonging  to  a  saurian  of  the  same  genus, 
were  discovered  by  Mr.  Edward  Charles  worth  many  years 
since ;  the  symmetrical  form,  and  smooth  surface  of  the 
teeth,  separate  them  from  the  above,  and  Mr.  Charleswortb 
has  named  the  species  Mosmaurun  stenodon. 

*  Dr.  Morton's  Sjnopsii  of  the  Cretaceoua  Stca^ta  of  N*  Americai 
A   A 
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Teeth  of  crocodiles  are  mentioned  bj  Baron  Cuvier  as 
having  been  obtained  from  the  chalk  at  Meudon. 

A  considerable  portion  of  a  spinal  colmmn  composed  of 
concavo-convex  vertebrae,  with  many  ribs,  and  part  of  the 
pelvisj  of  a  small  lizard,  were  found  in  the  chalk  near  Maid 
stone  ;  and  another  specimen  of  the  anterior  portion  of  the 
spinBj  with  part  of  the  cranium,  has  since  been  obtained  b^ 
Mrs.  Smith  J  of  Tunbridge  Wells,  A  jaw,  with  numeroas 
subulate  teeth,  anchylosed  by  their  base  to  an  alveolar 
parapet  of  bone,  as  in  the  recent  Iguana,  has  been  dis- 
covered in  chalk  near  Cambridge.  These  relics  are  re- 
ferred by  Prof,  Owen  to  the  same  species  of  reptile,  whii'li 
he  has  named  MaphiomufU.n** 

Remains  of  two  genera  of  marine  reptiles,  the  Ich- 
thjoaaurus  and  Plesiosaurus>  occur,  though  rarely,  in  the 
white  chalk  of  Sussex,  Kentj  and  Dorsetshire.f 

From  the  greensand  of  Kent  one  of  the  most  interesting 
specimens  of  the  Iguanodon  has  been  obtained  ;  and  in  the 
aame  strata  at  Hythe,  have  been  found  numerous  bone^ofa 
gigantic  marine  reptile,  to  which  nre  also  ascribed  certiin 
large  conical  striated  teeth,  that  occur  in  the  greensand  of 
various  localities,} 

Tliat  the  I^terodartf/Imj  those  marvellous  flying  reptiles, 
existed  during  tlie  cretaceous  epoch,  we  have  proof  in 
several  specimens  of  bones  of  the  extreraitieis,  and  of  parr  of 
the  cranium,  and  jaws  with  teeth,  obtained  from  the  chalk 
pit  at  Bur  ham,  in  which  the  fosill  turtle,  presently  lo 
be  noticed,  was  discovered,  § 

*  Geoi  Trans.  voL  vi.  Pi.  39  ;  Medals  of  Craatioa,  vol.  U.  p  Tfi*- 

t  1  have  receired  a  vertebne  of  a  Mesiosaunia  from  the  <Jiilk  vmr 
Blandfaril,  through  the  kindneea  of  J.  Shipp^  Esq, 

;  Hence  the  natnc  Foltfpt^chod&ji  hm  been  jjiven  to  thh  itptiJ^* 
Medals  of  Creation,  voL  it.  p.  728* 

§  Figures  and  deecriptiona  of  this  chalk  Pterodactyle  an  giwn  bj 
Mr.  Bowerhank  in  the  Qeologi<iaJ  Jounml  for  1846* 
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39*    Fossil   Turtles,— Of  the  CheloBian  reptiles   or 

tle^j  remaiiig  of  niarine  species  are  found  abundantly  in 

ke  limestojae  of  St,  Peter's  Mountaia,  and  in  tlie  slate  of 

llarie.    In  the  white  chalk  of  England  relics  of  this  kind 

rare ;  but  a  few  heantiful  specimens  of  a  small  and 

ety  peculiar  Turtle  have  been  found  in  the  chalk  of  Kent.* 

is  reptile,  which  I  have  named  in  honour  of  its  discoverer, 


(Ckelonla  SmMleiii ,-  ^tte-tMrd  th*i  naturai  tise.} 

Jiehnia  Benatedh  appears  to  blend  the  characters  of  the 
Chelonians  or  marine  turtles,  with  those  of  the  Emyde^ 
or  freshwater  forms  ;  and  since  my  descrrption  of  the  fossil, 
figured  in  Ldgn.  77,  another  specimen  has  been  found, 
which  is  of  the  same  size^  and  presents  similar  characters  to 
I      the  one  in  my  possession-f    The  upper  part  of  the  carapace 

El  *■  At  BurbMD,  between  Cbathum  and  Maidatotic. 
I  f  3^  my  notico  of  :v  foaail  Turtle  from  th€f  chalk,  Philofl.  Trans 
May,  1841 J  with  two  plates, 
I z 


ana 

J 
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delineated  in  the  drawing,  Lign.  77,  can  be  remoTed,  so  as 
to  expose  the  bones  of  the  plastron,  or  sternal  plates,  be- 
neath. This  fossil  is  six  inches  in  length,  and  three  and  a 
half  in  breadth. 

40.  Summary. — The  characters  of  the  Cretaceous  For- 
mation, as  shown  by  these  investigations,  are  those  of  a 
vast  oceanic  basin,  filled  up  with  organic  and  inorganic 
debriii,  and  innumerable  remains  of  the  successiTC  genera- 
tions of  marine  animals  which  lived  and  died  in  its  waters, 
through  periods  of  incalculable  duration. 

The  fossil  fuci  indicate  that  the  chalk  ocean  possessed  the 
usual  marine  flora ;  while  the  drifted  masses  of  wood  bored 
bj  teredines,  and  the  fir-cones,  stems  of  cycadeous  plants, 
leaves  of  ferns,  and  bones  of  terrestrial  reptiles,  prove  that 
its  shores  were  bounded  bj  dry  land,  which  was  dotbed 
with  forests,  and  inhabited  bj  colossal  oviparous  quadra- 
peds.  Of  the  higher  orders  of  animals  no  unquestionable 
relics  have  yet  been  discovered. 


a  tabular  akranoement  op  the  fossil  fishes  of  the  ohalk  of  thx 
South-East  of  England,  in  the  Mantellian  Museum  at  Brighton.* 

{From  "  Recherches  svr  lea  Poissons  Fottilet,"  by  M.  Jgeutiz.) 

"  Tout  le  monde  Mit  que  le  Musee  de  M.  le  Dr.  Mantell  k  Brighton  est  une  collection  eUniqae 
pour  l»  cr«ie,  et  U  formation  Veldicnne.  Lea  soins  minutieuz  que  M.  Mantell  a  donn<s  depuis 
bien  det  ann<es  k  ces  foasiles,  lea  ont  rendus  plus  parfaits  que  tous  ceux  dec  autres  musses :  ear 
•oiiTent  il  eat  parrenu  k  les  detacher  enti^rement  de  la  roche  dans  laquelle  ils  ae  trouvalent ;  oa  du 
moina  k  lea  produire  en  relief,  en  d<taebant  toutea  lea  matidrea  solides  qui  recouvraient  lea  parties 
lea  mieux  eonserries  de  Vanimal.** 

Order  I. — The  Placoidians,  (from  x\a^,  a  broad  plate.)  The  skin, 
covered  irregularly  with  enamelled  plates,  Bometimes  of  a  large  size, 
but  frequently  in  the  form  of  small  points,  as  in  the  shagreen  on  the 
skin  of  sharks,  and  the  tubercles  on  the  integuments  of  rays. 


*  Now  in  the  British  Museum. 
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Pttchodus  latissimus.  Mantell's  South  Down  Fossils.  Tab.  xxxii.  fig.  19.  Agassis 

Foiss.  Foss.    Vol.  iii.  tab.  25. 
poly  gyrus.    Ibid.    Tab.  xxxii.  figs.  23,  24. 

-mamtnillarif.    Ibid.    Tab.  xxxii.  figs.  18,  20,  25,  29. 

-  decurreru. 


•  altior.    South  Down  Fossils.    Tab.  xxxii.  figs.  17,  21,  27. 


Teeth,  and  perhaps  vertebrae,  of  the  above  species,  and  a  few  ex- 
amples of  their  dorsal  defences,  {Ichthyodorvlitea  of  Dr.  Buckland,) 
are  the  only  remains  hitherto  discovered.  (Agaaa.  Poiss,  Foss.  YoL 
iii.  tab.  10*,  10*».)  The  teeth  were  referred  to  fishes  of  the  genus 
Diodon,  by  previous  authors,  and  the  defences  were  called  radii,  or 
fin-bones  of  balistes,  and  siluri. 

Teeth  of  a  new  species  of  Ptychodvs  (P.  Mortoni)  have  been  dis- 
covered in  the  sand  of  New  Jersey,  United  States,  by  Dr.  Morton. — 
{Morton's  Synopsis,  PI.  18,  figs.  1,  2.) 

PncHODUs, — spec,  undetermined.  Dorsal  defences,  and  a  beautiful  example  of  a 
fin,  are  represented  in  the  Fossils  of  the  South  Downs.  Tab. 
xxxiv.  fig.  8.    Tab.  xxxix.  and  Tab.  xl.  fig.  3. 

Galeus  pristodontus.  South  Down  Fossils.  Tab.  xxxii.  figs.  12  to  16.  Agass. 
Poiss.  Foss.    Vol.  iii.  tab.  xxvi.  fig.  14. 

NoTiDAKUs  microdon.    Agass.    Tab.  xxxii.  fig.  22. 

Lamna  appendiculata.    Agass.    Tab.  xxxii.  figs.  2,  3,  5,  6,  9. 

acuminata.    Agass.    Tab.  xxxii.  fig.  1. 

Mantelli.    Agass.    Tab.  xxxii.  figs.  4,  7,  8, 10. 

crassissima. 

Odontapsis  raphiodon. 

Spin  AX  major.    Agass.  Poiss.  Foss.    Vol.  iii.  tab.  10,  figs.  8,  14. 

PsAMMODVS  asper.    Poiss.  Foss.    Vol.  iii.  tab.  10,  figs.  1,  3. 

AcRODUS  transversus.    Poiss.  Foss.     Vol.  iii.  tab.  10,  figs.  4,  5. 

Gtbodvs  angustus.    Poiss.  Foss.    Vol.  ii.  tab.  66*,  figs.  14,  15. 

The  above  order  of  fishes  is  represented  by  five  genera,  of  which 
one,  containing  twelve  species,  is  extinct.  The  fishes  of  the  genera 
Ptychodus,  Galeus,  and  Lamna,  are  very  widely  distributed. 

Order  II.— The  Oanoidians,  {yavos,  splendour,  from  the  brilliant 
surface  of  their  enamel.)  These  are  characterized  by  angular  scales, 
formed  of  homy  or  bony  plates,  protected  by  a  thick  layer  of  enamel, 
Lign,  68,  fig.  1,  p.  339. 

Macropoha  Mantelli.    South  Down  Fossils.    Tab.  xxxvii.  and  xxxviii.     Agass. 

Poiss.  Foss.  Vol.  V.  tab.  60b,  fig.  2. 
—————  Coprolites  of;  South  Down  Fossils.    Tab.  ix.  figs.  5,11. 

Agass.  Poiss.  Foss.  Vol.  ii.  tab.  65.  • 

The  Macropoma  is  perhaps  the  most  remarkable  of  all  the  chalk 
fishes;  in  most  examples  the  membranes  of  the  stomach  are  pre- 
served. 


358 


THE  WONDERS  OF  GEOLOGY. 


U£t.  IV. 


S^BcsitoouB  mtimmittafiM.    From  ClAytoa  cliAlk-f^it. 

U&f^cwiTi6  itongatttt.    Llgn.  M^pageS^tJ*    Length  16  inches.    South  Dawn  FwiUi 

Tab.  XSLUW.  n^*  \Q,  11.    Tab.  it),  flg.  2.    Agmts.  Ffiisf.  Fow.   VoL 

II.  tub.  egA,  lij^s.  I  10  3, 

The  ahove  order  ^ompreheudB  three  eitinct  genera,  with  three  &pec1c4 
Another  ^peclc^  of  DercdU  ba»  b^een  found  in  the  chalk  of  W^t 
phalia. 

OlittEtt  HI. — ^The  Ctenofdiavs,  {tcreitj  a  eomb,)  The  scaW  of  tlii» 
order  are  pectinated  on  their  poKtcrior  margin,  lite  the  teetki  of  i 
eomb,  and  are  eompoaed  of  lan:tiDci>  of  horn  or  bone,  but  haFs  dc 
enamel,     Lign,  68^  Jig.  4^  p.  339. 

Bft&tX  Lti;eesifnns.    (B^  trmAtUA  of  Ajjaesi^.)    South  Donn  Foaailn..     Tab.  i£ih. 
fi|r.  G.     Tab.  ixatT.     Tab,  xxxtj.  Agass.    Foiais.  Foa*.  Vol  It. 

radient.    Hintory  of  tlie  County  of  8u»kx.    Yol.  ii.  Pan  tl,  t^lf«ii.2t 

Agass,  Foiiij.  Foi*.  VoL  W^  tah.  14bj  fig.  T. 
fftkrocf^jAa/uf.     Aga£B.  F<ihi^  ¥ms.    VdI.  It.  tab.  4<'j  figi.  7  to  9, 

There  are  other  species  of  Beryx  in  the  chalk  of  Bohemia  and  We«i^ 
phalia,-  and  genera  nearly  related  to  Bfiryx^  in  the  Bchist  of  Glarii 

OfiDKit  I Y. — The  C^/dotdianif  {nvKkost  a  circle, )  The  ecatea  anwetb, 
with  a  flimple  margin^  composed  of  laminffi  of  horn  or  bone  withwl 
enameL    Liffn.  68|  J%.  5,  p,  339. 

^tH£itoiDc»  Mftntetli,  [Satmo  LeweEirnna  of  Mantell,  \  South  Down  FruiiiU.  TiK 
xii.  fig.  12.  Tab.  ixiii?.  fig.  3.  Tab,  xl.  fig.  1,  AgMi.  Fti<A 
FoM,    Vol.  V.  tab.  Sflo, 

To  the  aboye  species  belong  the  remarkable  nncompreseed  sftednueoi 
now  in  the  British  Mufieam. 

OHHEitoiD£8  LeweaienfiM.    A^ass.  PolBi.  Foas.    VoL  t.  tab.  SOe.     {Satmof  Lfwm- 

eniii  or  MantelL)   This  sjiedei  is  more  elaneated  than  O.  MamMii, 

and  the  ti umber  of  rayi  In  the  dorsal  nii  h  gm&ttr. 
graniilaiHM.    History  of  Lc«(;».   Vol.  \.  plate  xxlx.  i^(?.  13.    The  ^nem 

of  the  head,  with  the  jaws  and  teeth,  have  alone  be«n  diiCQvefed. 

Agus.  PoisB*  Fois.  Vol*  V. 
Exc  Banna  Ad^ACfon.    South  Down  Fctsp.!!!.    Tab.  xxjdli.  figs.  2,  S,  4.    Ttb.  xlW- 

flga.  1,3,    Agasa.  Foi*9*  Fpsb.     Vol.  r,  tab.  25,  figs.  LI  la  «. 
SitimoFEPHALTJS  fi*w«i/Drw<«.     (HarlanJ    Noudi  Down  Fos»iU.    Tab.  xxxlit  Ap- 

7,  fl,  Tr^na,  OeoL  So-c*  of  Fennsylvaniat  Vol.  L  p.  83.  AguiL  Piill- 
^  Fobs,  Vol,  v.  tab.  3^,  fiifi.  21  to  39. 

SAtmouow  iMMW.     (Hay*.)     Trans*  American  Philo*.  Socletji  toL  ftp  int. 

plate  1<I.     AgAKH.  Fc^Itijt.  FoBii<  Vol.  v.  tab-  2£,  flg*,  U  to  Sd. 
HtPaofioK /;ffrrn*«J*iV.    South  Down  FosmIs.    Tab,  imjli.  fig,  S,     Tab.  iiil.6f« 

1  to  5.     Agaas.  FhIbb.  Fofs.  V^l,  w  (ab*  25". 
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From  the  resemblance  of  the  teeth  of  this  fish  to  those  of  reptiles,  it 
was  supposed  that  the  original  belonged  to  an  extinct  genus  of 
saurians ;  but  in  1833,  a  considerable  portion  of  the  head,  with  the 
maxillae,  many  vertebrae,  &c.,  were  discovered  in  a  block  of  chalk, 
near  Lewes,  and  the  true  characters  of  this  remarkable  ichthyolite 
determined. 

The  statement  that  the  teeth  of  the  Saurodon  and  Saurocephalus 
were  first  ascertained  to  belong  to  fishes,  and  not  to  reptiles,  by  the 
microscopical  observations  of  Prof.  Owen,  is  not  correct,  for  M.  Agassiz 
had  long  previously  determined  their  true  characters. 

*4i*  The  following  fishes  have  been  named  by  M.  Agassiz,  since  the 
above  table  was  constructed. 

AcnoovATUVsboops.  Lign.  72,  page  347.  Natural  size.  Agass.  Poiss.  Foss.  Vol. 
iii.  tab.  60»,  figs.  1,4.  An  unique  specimen  from  Southerham 
quarry,  near  Lewes. 

AuLOLEPis  tifpus.  Lign.  73,  page  348.  Length  6  Inches.  An  unique  specimen, 
from  Clayton  chalk-pit,  Sussex.  One  nearly  i>erfect  example  has 
alone  been  found.    Poiss.  Foss.  Vol.  iii.  tab.  60,  figs.  5,  8. 

BELON08TOHT7S  ctnctw.    Agass.  Poiss.  Foss.  Vol.  ii.  tab.  66«,  figs.  10  to  13. 

Chimeba  Agassizii.  Agass.  Poiss.  Foss.  Vol.  iii.  pi.  40,  figs.  3,  5.  (Determined 
by  Dr.  Buckland.)  The  beaks  or  mandibles  have  alone  been  dis- 
covered. 

MantelU.    Lign.  71,  page  343.    Agass.  Poiss.  Foss.  Vol.  iii.  PI.  40,  figs. 

1,  2.  Two  mandibles  were  found,  many  years  since,  in  a  block  of 
chalk,  near  Lewes.  This  species  also  occurs  in  the  Shanklin  sand 
of  Kent.  A  beak  has  been  found  by  Mr.  W.  H.  Bensted,  in  the 
Iguanodon  quarry,  near  Maidstone. 

Tetbapterus  minor.    Lewes.    Agass.  Poiss.  Foss.  Vol.  iii.  tab.  60,  figs.  i.  4. 

Catubus  rimilis.    Agass.  Poiss.  Foss.  Vol.  ii.  tab.  66»,  fig.  9. 

AcBOTEMMVS /a&a.    Poiss.  Foss.  Vol.  ii.  tab.  66*,  figs.  16,  18. 


LECTURE  IV. 
Pam  II. 

I.  Geology  of  the  South-east  of  England.  2.  Geological  phenomena  between 
London  and  Brighton.  3.  London  and  Brighton  RaOw^jr  Sections.  4.  The 
Wealden  Formation.  5.  Wealdenof  the  Sussex  coast.  6.  Pounceford.  7.  TUgate 
F(urest.  8.  Ripple-nuurks  on  Wealden  sandstone.  9.  Subdivisions  and  extent  of 
the  Wealden.  10.  Wealden  of  the  North  of  Germany.  II.  Wealden  of  the  Isle 
of  Wight.  12.  FossU  Trees  at  Brook  Point.  IS.  Wealden  of  the  Isle  of  Purbeck. 
14.  Coves  in  the  S.  W.  of  Purbeck.  15.  The  Isle  of  Portland.  16.  Petrified 
Forest  of  the  Isle  of  Portland.  17.  Mantelliae.  18.  Dirt-bed  of  the  Isle  of 
Purbeck.  19.  Organic  Remains  of  the  Wealden.  20.  Fossil  Vegetables. 
21.  Foesil  Cycadeous  Plants.  22.  Clathraiia  Lyellii  23.  Fruits  of  Coniferous 
Trees.  24.  Univalve  Shells  of  the  Wealden.  25.  Bivalve  Shells  of  the  Wealden. 
26.  Crustaceans  of  the  Wealden.  27.  Wealden  Insects.  28.  Wealden  Fishes. 
29.  Reptiles  of  the  Wealden.  30.  Fossil  Turtles.  31.  Marine  Reptiles.  32.  Cro- 
codilian Reptiles.  33.  Fossil  Teeth  of  Crocodiles.  34.  Fossil  Crocodile  of 
Swanage.  35.  The  Dinosaurians.  36.  Megalosaurus.  37.  Iguanodon.  38.  Teeth 
of  the  Iguanodon.  39.  The  Maidstone  Iguanodon.  40.  Vertebrse  of  the  Igua- 
nodon. 41.  Bones  of  the  extremities.  42.  Magnitude  and  proportions  of  the 
Iguanodon.  43.  The  Hylaeosaunis.  44.  Pterodactyles  of  the  Wealden.  45. 
Birds  of  the  Wealden.  46.  The  Country  of  the  Iguanodon.  47.  Sequence  of 
Geological  changes.    48,  Retrospect. 


1.  Geology  of  the  south-east  of  England. — From 
this  survey  of  the  marine  formation  of  the  Chalk,  we  turn 
to  the  remarkable  fluviatile  deposits,  of  which  the  basin  of 
the  cretaceous  ocean,  in  the  south-east  of  England,  was 
composed  ;  in  other  countries,  as  I  shall  hereafter  have 
occasion  to  remark,  that  ocean-bed  was  formed  of  the  Oolite 
and  other  more  ancient  rocks.  It  will  now  be  necessary  to 
offer  a  few  observations  on  the  geology  of  the  district  in 
which  the  Wealden  is  so  largely  developed. 
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The  strata  of  the  south-east  of  England  belong  to  three 
principal  groups  or  formations.  The  first  consists  of  the 
Tertiary  sands,  clays,  and  gravel,  described  in  the  previous 
Lecture,  which  occupy  depressions  in  the  chalk. 

The  second  is  the  Chalky  (including  under  this  term  the 
White-chalk,  Gralt,  and  Greensand,)  which  forms  the  most 
striking  feature  in  the  physical  geography  of  the  country. 
The  upper  division  of  this  formation  constitutes  the  South 
Downs,  which,  from  the  bold  promontory  of  Beachy-head, 
traverse  the  county  of  Sussex  from  east  to  west,  and  pass 
through  Hampshire  into  Surrey  ;  from'  Godalming  the 
chalk  hills  extend  by  Godstone  into  Kent,  where  they  are 
called  the  North  Downs,  and  terminate  in  the  line  of  cliffs 
that  stretches  from  Dover  to  Ramsgate.  The  lowest  mem- 
ber of  the  chalk,  the  Greensand,  appears  as  a  chain  of  hills 
of  irregular  elevation,  skirting  the  escarpments  of  the  chalk 
downs  ;  the  Oalt  occupying  the  intermediate  valley. 

The  third  group  fills  up  the  area  between  the  North  and 
South  Downs  ;  the  most  elevated  masses  form  the  Forest- 
ridge,  which  traverses  the  district  in  a  direction  nearly  east 
and  west,  and  is  composed  of  alternations  of  sandstones, 
sands,  shales,  and  clays,  with  a  deep  valley  on  each  flank, 
called  the  Weald:  hence  the  geological  designation  of  the 
whole  series.  From  the  central  ridge  of  the  Wealden,  which 
varies  in  height  from  400  to  800  feet,  and  stretches  from 
Fairlight  Down  near  Hastings  on  the  east,  to  beyond 
Horsham  on  the  west,  the  strata  diverge  on  each  side 
towards  the  Downs,  constituting  an  anticlinal  axis,  and 
finally  disappear  beneath  the  lowermost  beds  of  greensand. 
There  are  conclusive  proofs  that  the  Wealden  strata  were 
originally  covered  by  the  chalk,  and  that  their  present  po- 
sition and  appearance  are  attributable  to  changes  which 
have  taken  place  subsequently  to  the  cretaceous  epoch.* 

*  See  Geology  of  the  South-East  of  England,  chap,  xi. 
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2.  Geological  phenomena  between  Loki>ox  ato 
Brightok,— The  flirect  turnpike  roada  from  LonJon  to 
Brighton  pass  over  the  whole  aeries  of  these  deposits,  u 
weU  as  those  d&snribed  in  the  previous  lectureit,  Procc«<t- 
!ng  from  the  Thames,  the  observer  successively  traverw^ 
the  modern  silt  of  the  river — the  ancient  drift  and  alhirium, 
oontuiuing  remains  of  elephants  and  other  large  mammftlia— 
and  if  he  proceeds  by  Keigate,  his  road,  through  Clapbim 
and  Tooting,  lies  over  beds  of  clay  and  gravel,  wldch  «« 
part  of  the  ancient  shores  of  the  London  basin.  At  Suttofl 
he  asceitd-s  the  Chalk  hills  of  Surrey,  and  travek  along  m 
undulated  tract  of  country,  formed  by  the  elevated  mosa^l 
of  the  ancient  cretaceous  ocean-bed  just  described-  ArriTb| 
at  the  precipitous  southern  escarpment  of  the  North  Down** 
a  magnificent  land  scape,  displaying  the  physiciil  geography 
of  the  Weald,  and  its  Taried  and  picturesque  sct-ner;, 
suddenly  bursts  upon  his  view.  At  bis  feet  Ues  the  deep 
valley  of  GtUt  in  which  Reigate  is  situatedj  and  immetliatdy 
beyond  the  town,  appears  the  elevated  ridge  of  Greensajnii 
which  stretching  towards  the  west,  attains  at  I^ith  Hill  in 
altitude  of  one  thousand  feet  ;*  and  to  the  east  forms  a  llfl* 
of  sand-hilb,  by  Godstone  and  Sevenoaks,  through  Kent,  to 
the  si'a-shore.  The  Forest-iidge  of  the  Wealden  occtipjea 
the  middle  region,  extending  westward  towards  Horsham, 
and  eastward  to  Crowborough  Hill,  its  greatest  altitude,  and 
thence  to  Hastings,  having  on  each  Hank  the  wealds  of 
lient  and  Sussex  ;  while  in  the  remote  distanct;,  the  smootH 
and  undulated  summits  of  the  South  Downs  appear  like 
masses  of  grey  clouds  on  the  verge  of  the  horizon. 

Pursuing  his  route,  the  traveller  passes  through  Reigntc, 
along  the  valley  of  Gait,  and  over  the  Greemand  of  Dwk* 
shut  Hill,  and  arrives  at  the  commencement  of  the  Wmldm, 

*  See  my  '*MentGir  an  iJie  Geolof^y  */  the  Cmitdr^  iieenfiim  tk 
mmviit  of  Lfitk  Hill;'  in  Umylay'i  Hiatory  of  the  County  of 
imbliabod  by  Mr.  Ede,  of  Dorking. 


Soil^H 


SECTION  FROM  LONDOK  TO  BRIGHTON. 


m 


I 

t 

I 
I 


I 


The  WeaM  cla^j  containing  beds  of  fresh-water  limestone 
appears  at  Ilorlej  common  ;  and  whale  in  the  uommenee- 
meut  of  his  journej  the  roads  were  made  of  hroken  chalk- 
flints,  and  at  Eeigate  of  eh erty -sandstone,  the  materials 
here  chieflj  employed  are  tbe  bluish-grej  calcareona  rock 
of  tiie  Weald,  At  Crawlej,  sand  and  sandstone  appear, 
and  the  road  is  conBtructed  of  grit  and  limestonej  containing 
fluviatile  sliells?j  bones,  and  plants.  Cro&sing  Tihjate 
^areit  and  IIa?idcrojsSf  over  a  succession  of  elevated  ridges 
of  sandstonej  and  through  clay  valley s^  produced  by  the 
alternation 3  of  the  strata,  he  descends  from  the  sandstone 
ridge  at  Bolney,  near  Cuckfield,  and  again  journeys  along  a 
district  of  Weald  clay  ^vith  fresh-water  limestone-  Green* 
stmdj  like  that  of  Reigate,  reappears  at  Hick  stead,  and  is 
succeeded  by  a  tract  of  Gait;  andfinaily,  entering  a  valley 
of  Chalk-marl,  he  reaches  a  de£le  in  the  South  Downs, 
throagh  which  the  road  winds  its  way  to  Brighton  ;  the 
traveller  having  in  the  course  of  his  journey  passed  from 
one  chalk  range  to  the  other,  and  crossed  over  the  int 
vening  area  formed  by  the  delta  of  tlie  Wealden. 

3.  London  akd  Beighton  railway  section, — A  simi^ 
lar  section  in  displayed  along  the  line  of  railway  from 
London  to  Brighton,  Leaving  the  station  at  London- 
bridge,  the  tertiary  clays  with  their  characteristic  fossils,  are 
seen  from  beyond  Deptford,  by  New  Cross,  Sydenham,  &c. ; 
and  approaching  Croydouj  beds  of  gravel  appear,  with  inter- 
gpersions  of  olive-green  sand.  The  valley  beyond  Croydon, 
along  the  side  of  which  the  railway  proceeds,  is  a  thick  bed 
of  gravel  resting  on  the  chalk.  Beyond  the  station  called 
Sloats'-nestf  is  a  fine  section  of  the  chalk  with  flint,  and 
the  North  Downs  are  traversed  by  a  long  tunnel  carried 
through  the  sohd  chalk,  and  emerging  near  Merstham, 
where  the  firestone  and  marl  rise  to  the  surface.  The  sands 
and  clays  of  the  chalk  are  passed  at  the  Hed  HiH,  and  God- 
stone  statiooj^j  and  the  Wealden  clays  appear  at  Horley,  and 
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ar«  succeeded  by  slialesp  limastonea,  eandi,  and  sandstocit^ 
to  the  Crawlej  station. 

PiisBing   througli  a  long  tunnel  ii  ihe 

Wealden^  we  arrive  at  BtUcombej  wheru 

laminated  sandatone  and  shale  are  seen  ov 

eaeh  iiidts  the  tmtting.     The  general  dip  erf 

I  the  strata  hitherto  pai*sed  is  to  the  norih' 

?  effsd ;  hut  after  crosi*ing  thcj  deep  weulden 

u  ^    o  valley  beyotid  Balcombej  ove?  a  njRSwifi* 

^  eent  viaduct,  the  line  runs  along  altenwt* 

M  ing  layers!  of  sands  and  clays,  which  dip  to 

*"  the  sowf A-ftw^i^J? ;  we  have  therefore  am vd 

^  on  the  southern  aide  of  the  grand  atitidinjd 

g  axis  of  the  Forest  iidge.  The  wealden  strati 

JJ  continue,  with  the  same  general  inclination, 

m  by  Hay  ward's  Heathy  which  is  traversed  hy 

E  a  tunnel^  to  beyond   St.  John* a  Comin«n» 

JJ  where  they  disappear  lien  eat  h  the  Iwwer- 

E  most  greensand  beds  of  the  chalk  fonni' 

^  tion*    The  gait,  firestone,  and  marl  succeed, 

g  and*  lastly,  the  white  chaJk  of  the  South 

g  Downs,    at   Clayton    Hill ;    through    the 

^  base  of  which  a  long  tunnel  passes,  and 

S  emerges    on    the    south    of    the   Downs. 

I  The  renuiinder  of  the  line  to  the  Brigbioa 

S  station,  runs  over,  or  through,  hilb  and 

l  valleys,  of  the  white  chalk,   Thus  this  rail- 

*^.  way  passai  through  two  ranges  of 

i  hills,  viz,  the  North  and  South 

by  tunnels ;  two  of  green  sand,   luz 

Red  Hill   in  Surrey^  and   Ilurstperj 

in  Sussex ;   and   two  pnncipal   ridges  of 

wealden^  ui^.  at  Baleombe,  and  Hayward's 

Heath.     If  we  take  a  line  hearing  more 

to  t\\e  -weal',  Wb,  W  e^HLwrnijAa^  Ccam  Loodoa 


■o   u 


«!j 


$ 


THE  WEALDEN. 


to  the  southern  shores  of  the  Isle  of  Wight,  in  San- 
down  Baj,  we  ah  all  have  tlie  section  represented  in 
lAgn.  78,  which  exhibits  the  entire  series  of  the  de- 
posits, and  their  relative  position  in  the  south- east  of 
England, 

The  older  tertiary  or  eocene  strata,  forming  the  site  of 
London,  are  seen  occnpjing  a  depression  of  the  chalk  ;  the 
North  Downs  of  Surrey  next  appear— then  the  anticlinal 
ridge  of  the  Wealden — the  South  Downs  of  Sussex  and 
Hampshire  succeed — covered  on  the  south  by  the  marine 
tertiaiy  strata  of  Southampton — ^then  the  depression  in  the 
strata  occupied  by  the  Solent— the  north  of  the  Isle  of 
Wight  covered  hy  fresh- water  and  marine  eocene  deposits — 
next  the  vertical  chalk  range  of  the  Island^ — and,  lastly,  the 
emeJ^gence  of  wealden  hed^  from  under  the  greeusand,  in 
Sandown  Bay.* 

4,  The  Weajlden.  —  The  tertiary  basin  of  London 
afforded  an  example  of  the  accumulation  of  detritus  and 
organic  remains  in  an  inland  sea; — that  of  Paris,  of  marine 
and  fresh-water  sediments,  deposited  in  a  gulf  open  to  the 
sea  on  the  one  side,  and  fed  hy  rivers  and  thermal  springs 
on  the  other  \' — the  lacustrine  formations  of  Auvergne,  of 
the  gradual  precipitation  of  strata  in  the  tranquil  waters  of 
lakes  ;^the  cretaceous  forma tion^  of  the  operations  which 
have  taken  place  in  the  profound  abyss  of  an  ocean  ; — 
while  the  series  of  deposits  to  which  the  term  Weald£n  \b 
applied,  presents  the  most  striking  instance  of  an  ancient 
delta  hitherto  discovered.  Yet  strange  as  it  may  appear, 
although  these  strata  occupy  the  whole  area  between 
the  North  and  South  Downs — a  tract  of  country  traversed 
daily  by  hundreds  of  intelligeiit  persons  from  the  metro- 
polis—  their  peculiar  characters  were  entirely  unknown 
twenty-five  years  ago  ;  the  whole  group  being  then  sup- 


*  See  Chohgy  of  the  Me  of  W\^\\.,  ^A^. 
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[KBed  by  geologists  to  belong  to  a  series  of  mmoe  clip 
and  sands  below  the  chalk,* 

Before  entering  ufion  the  dej^cription  of  tliese  atrata, 
I  would  remind  you  of  the  effects  of  rivers,  and  the  nature 

*  See  CoDylK^are  and  PMUi|jf;'j4  Outlines  i>f  the  Oeolc^  of  Enj^luvl 
and  Wales,  pp.  140,  155. 

Although  the  Bhells  foTming  the  Sussex  marble  of  the  WeiJdeii, 
wett  Hupposed,  BO  long  Hinee  wb  Woodward's  time^  to  be  flufiilik 
epedoB,  yet  this  point  was  coutTo verted  by  many  able  conebolDgiili; 
and  fow  if  any  other  organic  remaina,  had  thea  beea  obtained  ihuii  Ik 
strata  of  tbi^  weald.  Pfaviiig  for  Fcvcral  yeare  diligenilj  collected  tin 
fossil ti  of  the  chalkj  gaU,  fireatone,  &c.  in  the  Bouih-eaat  of  Sussqi,  tod 
around  wy  tiative  South  Downa,  I  wa^  struck  with  the  muji  of 
acoordaQee  between  them  and  some  Hp&cimonB  of  abella,  bonas^  tod 
plants,  1  had  procur^^d  from  the  ijunrnefl,  welU,  and  cuttings  made  in 
the  Wealdcp  district ;  and  by  degrees,  the  fluviabile  origin  of  lJt« 
deposits  forming  the  area  between  the  greenHsuda  of  Sussex .  Keau 
and  Surrey^  b^rcame  maniffi^t.  The  absence  of  ammamUif$,  edimiti*^ 
t*^tbratukB,  coraist  and  other  eomnaon  and  characteriatic  foesiU  of  thi 
chalk,  in  my  Weal  den  collection,  wa«  a  circumfitance  that  wpcciillj 
arrDEited  my  attention :  and  the  discoyery  of  bonefl  of  lar^  tcrre&triil 
reptilcH,  with  trunks  and  foliage  of  land  planta,  and  of  innamcuble 
river  Fhella  aud  cmstaeeanB,  in  the  strata  of  Tilgate  Fofest — of  whki 
there  were  not.  the  elightest  tracefit  in  the  cretaoeoua  depoeiti, — eono- 
Iterated  the  inferenecB  suggested  by  my  prevloug  obiiemtioiii*  h 
1322,  the  TilgatiO  strata  and  bhelr  peculiar  foseiilB  wore  ^rat  dcMtrtbed, 
and  the  6uvlatile  origin  of  tbe  deposita  pointed  out^  in  my  Foiiik 
of  the  Bouth  Downs  ;  chap.  yi.  p*  37.  In  June  of  the  same  year,  I 
communicated  to  the  Geological  Society  of  London,  an  aocotiBl 
of  the  extension  of  these  atrata  over  the  weald,  being  the  rwult 
of  my  own  and  Mr.  LycU «  oha<»rvations.  In  162T,  tny  FoMili  d 
Tilgate  Forost  appear^idj  containing  nearly  200  fignrca  of  W«aldet 
Fosaik  Aa  the  diacoTery  of  the  fluviatile  character  of  these  dopOiiU 
hfta  re<iently  he  en  attributed  to  othtjr  observers,  1  feel  mynelf  ctXkd 
upon  to  Btate  thu^  briisfly  the  history  of  my  humble  labour?;  and  lo 
corroborate  it  hy  the  following  quotatiooa  from  Frofeaior  John  PhUMja 
^nii  Dr.  Fitton. 

*'  Until  the  api>earance  of  Dr.  Manteirs  worla  on  the  Oeo1gg;y  «f 
Sui^nex,  the  peculiar  w?lations  of  the  nand^tones  and  clays  of  (he  ir 
teriorof  Kent,  ?^HSfle?i,  and  Hampshire,  were  entirely  misundeTSioal 
No  one  ftuppoF^d  that  tbe^  immenjw  strata   were   altogetlier  oft 
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of  modern  fiuTmtile  deposite,  aa  ei^plained  in  a  previous 
Lecture  (p,  56).  We  tound  tha  deltas  of  ritera  to  consist 
of  day  (or  indurated  mud),  alternating  with  beds  of  sand 
and  sandstone  (or  consolidated  sand)>  and  containing  leaves, 
branchesj  and  trunks  of  treeSj  fresh-water  shells,  works  of 
art,  hones  of  man,  and  of  land  animals,  more  or  less  rolled, 
— with  boulders  formed  of  fragments  of  rockB,  transported 
by  torrents  from  the  hiUSj  or  washed  out  of  the  banks  by 
the  streams. 

Let  us  now  suppose  that  by  agencies  already  explained, 
a  river  has  disappeared,  that  the  sea  also  has  changed  its 
place,  and  that  the  bed  of  the  river  and  the  deltu,  have 
laecome  dry  land  ;  that  towns  and  villages  have  been  built 
apon  thti  eon  soli  dated  fluviatile  sediments  and  that  the 
surface  is  either  clothed  with  turf  or  forests,  or  under 
cultivation.  If  sections  of  the  strata  were  exposed,  either 
by  natural  or  artificial  means,  and  the  bones  of  men  and 
animals,  with  works  of  art,  and  remains  of  plants  and  shells, 
were  visible  in  the  clay  or  sandstone,  such  appearances 
would  excite  in  us  no  surprise,  because  we  have  made  our- 
selves acquainted  with  the  process  by  which  such  deposits 
are  accumulated »  And  should  an  inhabitant  of  the  new 
country  express  his  wonder  how  brittle  shells,  and  delicate 
leaves,  and  bones,  had  become  imbedded  in  the  solid  rock  ; 


ruuliaj*  tjpe,  and  interpolated  amid  the  naat  of  thf  marine  fgrmatioiis, 
_i  m  local  freah-water  depoait^  of  which  only  very  faint  tmces  taxk  Tm 
f«ve«iTed  in  other  parts  of  Engknd."— Pro/e*sor  John  FhiUtps,  Bnqf. 
Metropolitantif  p.  fy^l.    Art.  Oeologp. 

*'  H  waa  not  imtii  the  appearance  of  Dr.  Manieirs  IllnBtrfttiomj  of 
the  Geology  of  SuBwe.Xi  in  1822,  that  the  full  value  of  the  evidence 
wbieh  Lhia  diBtrict  afforda  was  made  to  appear.  In  that  valuable  work 
the  author  clearly  showed,  that  the  citraordinary  remains  which  ho 
bad  discovered  In  the  bada  of  Tilgate  Forest,  must  have  originated  in 
a  lake  or  efltuary,  and  have  been  the  produce  of  a  climate  much  warmer 
than  that  which  Is  now  enjoyed  in  Englvn^'^^Br.  FiUon's  Geolofjj^qf 
Jtiaatinffitf  p.  14. 
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and  if  when  we  stated  the  manner  in  which  those  changes 
had  been  effected,  he  should  not  only  refuse  his  assent  to 
our  explanation,  hut  insist  that  the  shelb,  leaves,  and  bonesj 
were  merely  accidental  forms  of  the  stone,  should  we  not 
feel  astonished  at  his  ignorance  and  prejudice? — jet  noti 
century  since,  and  such  an  opinion  almost  universally  pre^ 
vailed,  and  is  even  still  entertained  hy  maoy*  And  farther, 
if  our  assumed  personage  admitted  that  the  remaiua  m 
question  were  fossil  animals  and  vegetahles,  but  asserted 
that  they  had  heen  entombed  in  the  strata  by  a  general 
deluge  which  had  softened  the  crust  of  the  earth,  and 
engulfed  in  the  sediments  of  its  waters  the  remains  tif 
animated  nature — should  we  not  reply,  that  as  such  a  cata' 
strophe  must  inevitably  have  mingled  together  the  relics  of 
animals  and  vegetables^  whether  of  the  land,  the  rivers,  or 
the  seas— *  the  regular  stratification  of  the  materials  com* 
posing  the  delta,  and  the  exclusive  occurrence  of  land  and 
fresh-water  productions,  were  fatal  to  such  a  supposition, 
and  afforded  conclusive  evidence  of  the  correctness  of  our 
ejcplanation  of  the  phenomena  ?— it  was  by  such  indue  done 
that  the  fluviatile  nature  of  the  Wealden  was  eatablished. 

5.  Weald  EN  op  the  Sitssex  coast. — Prom  the  dis- 
tribution of  the  Wealden  over  the  south-east  of  Englaoi 
instructive  sections  have  been  formed  between  Beacby 
Head  and  Dover^  by  the  action  of  the  sea  along  the  coast. 
From  the  stupendous  cliffs  of  Beachy  Head,  the  Chalk 
extends  towards  Southhourn,  where  beds  of  Gall,  Firestone^ 
and  Greensandj  successively  emerge,  forming  the  base  of 
the  shore,  and  abounding  in  characteristic  marine  fossik 
Passing  over  Fevensey  Levels,  the  boundary  of  which  oa 
the  sea-side  is  obscured  by  modern  shingle,  we  arrive  v£ 
Bexhill  and  Bulverhithe,  and  find  the  cliffs  composed  of 
laminated  sandstones  and  clays ;  and  those  of  St.  Leonarti 
of  similar  strata,  more  extensively  developed  •  sands  and 
clays   separated   into   \erj   lU\^  Umv&fla,    alternate  widi 
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conglomerates,  indnrfit^^tl  Hand-r<j<"kj  am]  a  fine  sandstone,  of 
great  compactneaaj  called  (^rit.  At  Hastings^  ssinda  and 
olays,  with  interapersion;?  of  liDrnitej  laminated  shales,  grita, 
and  sandstones,  constitute  a  long  range  of  high  eliflTs.*  The  ' 
general  resemblance  of  these  strata  to  fluviatile  sedimenta 
is  most  striking  ;  the  laminated  structure  of  the  clays  and 
shales,  the  constant  intermixture  of  minute  portions  of 
lignite,  th^  absence  of  pebbles  and  shingle,  and  the  alterna- 
tions of  mud  and  sandj  are  lithological  characters  constantly 
observable  in  river  deposits. 


LiOK,  7&.— White  mjcit,  HAaTiNfvs;  from  fHE  souTH-wEaT. 

f^Drawn  ty  Miss  Jum  Attauit.) 

tntandi  cUlF of  laminated  Baddittjim  and  clay:  fi,  Cll^  to  tlie  e^t  of  Hastings. 
ThtjAVliUe  Toclt  ii  TTBTked  by  the  flagon  Its  summit;  tt  is  compraed  (jf  calclftstoua 
pTit. 


To  the  wei?t  of  Hastings  a  fine  mass  of  the  strata,  com- 
prising several  layers  of  calciferous  grit,  alternating  with 

»  Bee  A  Guide  tti  thci  Geology  of  Hafltings  ;  by  W.  H.  Filton,  Esq. 
M,D-  F.R.S.  &c.  My  Geology  of  tho  Soutk-East  of  England,  contain* 
a  map,  sections*  and  d^it&ils  of  the  geological  atructurcj  of  this  inte- 
resting  district. 
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friable  Ban dstonc,  was  formerly  exposed  on  tlio  gea-flbQFc ; 
liavhig  at  a  very  remote  [>eriod  been  separah*d  fn^m  the 
adjacent  eliff.  The  action  of  the  waves  having  Ijluttcked 
the  projecting  layers  of  grit^  the  mass  obtained  the  local 
name  of  *'  White  roeh^^  (l^ffn^  79)  ;  but  the  late  Lmjirovc' 
nients  at  8t*  Leonard's  havi^  removed  all  traces  of  this 
outlying  portion  of  tliu  Hast  in ga  beda»*  The  nature  of  tli** 
organic  remains  which  the  etrata  contain  will  be  cod- 
side  red  hereafter. 

6.  PoDNCEPOnD. — In  the  interior  of  the  country,  the 
quarries  opened  along  the  ridges  formed  by  the  eompiw't 
grit,  atford  various  instructive  sections  ;  and  the  vallejs 
which  are  eroded  by  streams,  expose  in  many  places  the 
bedn  of  shales,  laminated  claySj  and  limestones,  Pouncr- 
ford,  on  the  estate  of  the  Earl  of  Ashburnliam,  on  the  rcMifi 
to  Burwashj  in  Sussexj  presents  several  higlily  interesting 
sections  of  these  deposits.  Descending  througli  a  defile  cut 
tliroiigh  the  Hastings  sands,  we  arrive  at  the  bottom  of 
a  deep  glen,  along  which  a  rapid  stream,  that  bursts  owl 
from  between  the  elay-partingf*,  rushesi  to  a  distant  luid 
lower  valley.  On  each  side  the  vale,  openings  are  made 
to  arrive  at  a  greyish  blue  limestone  abounding  In  shi*IK 
which  is  employed  on  the  roads,  and  is  also  convertcil  tatu 
lime  for  agricultural  purposes.  Where  the  atone  lies  decp^ 
shafts  are  sunk  from  the  surface,  and  after  the  extnciioii 
of  the  limestonej  they  are  deserted  and  tilled  up.  TU» 
spot  is  highly  interesting  and  picturesque  ;  iui 
springs  issue  from  the  limestone  beds,  and  dejmsit 
the  mosses,  equiseta,  and  land-shells*  Thousands  of 
shells  are  seen  in  the  clays  and  shales;  and  i1 
plants,  scales  of  fishes,  teeth  and  bouea  of  reptiles,  »nd 
other  remains,  are  imbedded  in  the  stone  j  while  thclwuiki 
where  newly  exposed,  exhibit  numberless  alternalioai  of 


^  0«oliig3r  of  the  Boa th' East  of  Ecigland^  p.  lUl* 
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laminated  shulea  and  clays,  full  of  fresh -water  slielb.*  In 
a  visit  to  this  place  with  my  frioiid  Mi*.  LyeU,  in  1831^ 
many  new  species  of  sliells  were  found  in  the  bed  of  the 
stream,  having  been  washed  out  of  the  banks  of  elaj  ;  and 
we  collected  teeth  of  crocotlilcBj  and  bones  of  fresh- water 
turtleSj  and  of  other  reptiles*  Several  speciea  of  Cyclm^ 
and  o£  Potamuleitf  were  abundant  in  the  clay  {Lif/n.  97) ;  and 
a  mussel  shell,  which  I  named  Al^tilm  Li/elllii  to  commemo- 
rate our  excursion  {Jjign,  98,  Jff/.  2),  ako  a  fluviatile  species, 
was  found  in  a  mass  of  shale  that  had  fallen  into  the  rivulet, 

7.  TiLGATE  FoEEBT. — Ab  tlic  grit,  or  calciferous  sand- 
stone, forms  an  excellent  road-material^  the  <iuarries  along 
the  principal  lines  leading  from  the  metropolis  to  the  south- 
eastern coast,  are  very  numerous  ;  and  those  spread  over 
the  area  of  Tiigate  and  St  Leonard's  Forests j  were  exten- 
aivelj  worked  some  twenty-five  years  since,  when  an  in- 
creased communication  between  London  and  Brighton, 
rendered  it  alike  necessary  and  profitable^  to  keep  the 
turnpike  roads  in  the  best  possible  state. 

This  district  may  be  described  us  bounded  on  the  west 
by  the  London  roads  leading  through  Horsham,  and  on  the 
east  by  those  which  pass  by  Lindtield,  and  Cuckiield  ;  the 
Crawley  road,  as  previously  mentioned,  passing  through 
Tiigate  Forest*  These  localities,  particularly  the  latter, 
have  acquired  much  celebrity  for  their  organic  remains  j 
the  quarries  in  that  part  of  Sussex  having  been  the  prin- 
cipal source,  whence  the  specimens  figured  in  my  work 
on  the  "  Fomils  of  Tiigate  Forest "  f  were  derived  ; 
but  every  qnarry  throughout  the  Forest -range,  from 
lioxwood  in  Western  Sussex,  to  Hastings,  have  yielded 
the  peculiar  fossils  of  the  wealden,  more  or  less  abun- 
dantly. 

*  See  Foaaila  of  Tiigate  Forwt*  p-  47.    Geology  of  the  Soath-Ea«t 
of  England,  p-  22. 
t  The  fmBA  of  Tiigate  For«^t,  1  toU  4to.  irith  pklea,  ie27» 
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^H  The  quorries  n round  Tilgate  Foreat,  where  the  cakife- 

^H        rt>u»  grit  is  worked,  present  the  following'  set'tion  : — 

^H^  1 ,  UppermoaL   Loam  or  day — from  one,  to  fire  or  ux  f«et  in  4cpUi ; 

^^K  destitute  of  foKaiU. 

^^K^^     2,  BaudfitoQc  of  v^uiaua  aliadea  of  fawn,  yellow,  and  femtgiiiotis 
^^^^L  colour  j  in  lauimfe,  or  thin  lajcrB,  occasiooiilly  contaimng 

^^^^^P  organic;  remains  and  pcbl^lea  ;  eight  feet  thick, 

^^^^^^   3.  Caici/erous  grit,  or  Tilffoie  ^ione—o.  very  fine  sandstone,  fonned 
^^fc^^  of  sand  cemented  tog^ether  by  cak-^^oocs  spar ;  it  occora  ia 

^^^^^L  large  TDfu^^ee  of  &  coneretional  form,  Imbedded  in  M»ft  Barnktoof 

^^^^^P  ThtH  grit  hiifi  evidently  been  formed  by  the  pcrcolatioji  of  water 

'  charged  with  calcareous  matter  into  Uioac  sand  ;  it  ikbonnds  ii 

boQefl   and  teeth  of  reptili^j   sterna  &nd  leaves  of  plaota; 
BhellA,  kc. 
A.  Sand-st'oue,  with  eoncretionary  masscB  of  grit ;  and  omglomerat^ 
formed  of  rolled  pebbles  of  saudstooe,  jasper,  qnartie,  loct- 
ciyfltal,  ittdu rated  clay,  boncR  and  teeth  of  reptiles,  and  of 
fishes ;  rolled  m^sae&  of  the  grit  and  saml^tone  are  found  in 
this  conglomeTate ;  the  organic  remninB  which  it  co&tama  ar« 
generally  much  waterwom. 
5.  Blue  clay  and  mar! — depth  nntaown- 
This  is  the  usual  series  of  strata  expo&ed  in  the  quarries 
around  Cuck field,  Lindfield,  Bolney,  &e.     Near  Horsham 
the  fawn-eoloured  sandstone  is  more  eompact,  and  of  a 
slaty  structure.      The  thiQ  slabs  are  used  for  roofing,  and 
the  tbieker  ones  for  pavenients  ;  their  surfaces  are  some- 
times deeply  furrowed  or  rippled  ;    an  appearance  upon 
which  I  will  here  offer  a  few  observations. 

8.  RiPPLE-MARKi  ON  SANDSTONE- — The  furfowed  sorfiux 
of  the  sandstones  and  grita  wliicb  are  used  for  paving  in 
Iloi^bam,  Crawley,  and  other  towns  and  Tillages  on  the 
Forest-ridge,  must  have  attracted  the  attention  of  moet 
persons  who  have  travelled  from  Brighton  to  London,  The 
appearance  of  these  slabs,  is  similar  to  that  presented  by  the 
sand  along  the  sea-shore  at  low  water,  when  the  ripples 
occasioned  by  the  receding  waves  have  been  deeply  im- 
preyed  ;  the  markings  on  the  stone  have  arisen  from  a 
Similar  cause-     In  mart^  vna^wM^ft  t\\^  surface  ie  so  rough. 


t  a,  RIPPLE  MARKS  ON  SANDSTOKB^  "^^3 

that  the  stone  is  eiaployed  id  stable- jar ds,  where  an 
uneven  floor  is  required,  to  prevent  the  feet  of  animaly  from 
slipping  in  passing  over*  It  aome times  happens  that  when 
a  large  area  of  a  *inarry  18  cleared  from  the  soil  which 
covers  it^  »  most  interesting  appearance  is  presented,  the 
whole  surface  being  rippled  over  like  the  strand  on  the 
[  «e»-8hore  ;  and  the  spectator  is  struek  with  the  conviction, 
vt  he  is  standing  on  the  sands  ol'  some  ancient  dt^lta,  or 
estuary,  now  turned  into  stone.  Sometimes  the  furrows 
are  deep,  shoAving  that  the  water  was  much  agitated,  and 

I  the  ripple  strong  ;  in  other  instances  the  undulations  are 
gentle,  and  intersected  hj  cross  ripples,  proving  a  eliange 
in  the  direction  of  the  waves.  Some  slabs  are  covered  by 
slightly  elevate<l,  longitudinal  ridges  of  sand,  made  up  of 
gentle  risingSj  disposed  in  a  erescent-like  manner  ;  these 
have  been  produced  by  the  rills  which  flowed  back  into 
the  river,  at  low  water.  In  other  eicamplesj  the  surface 
is  marked  by  angular  ridges  irregularly  crossing  each 
other,  like  the  fissures  in  septaria  ;  these  have  obviously 

I  been  caused  hy  deposition  into  crevices  produced  in  sand 
or  mud  by  deaiccation.  Many  slabs  of  stone,  the  smooth, 
as  well  as  the  furrowed  varieties,  are  covered  with  small, 
eubcylindrical  markings,  which  are  the  trails  formed  by 
vermes^  or  m oil u sea  j  but  I  have  searched  in  vain  for  the 
foot-marks  of  turtles  or  other  i*ep tiles,  whose  bones  are  ao 
abundant  in  these  strata.  The  frequent  occurrence  of 
impressions  of  the  feet  of  animals  on  the  rippled  sandstt)ne 
of  other  formations,  renders  it  probable,  that  sooner  or  later, 
the  tracks  of  some  of  the  oviparous  quadrupeds  of  the 
Wealden,  will  be  discovered  on  the  slabs  of  Tilgate  stone. 
The  deepest  fun^owa  have  generally  a  slight  coating  of 
bluish  clay,  charged  with  minute  portions  of  lignite,  and 
other  vegetable  matter  i  an  appearance  probably  caused  by 
the  streams  from  the  shore,  that  flowed  over  and  coated  the 
■    rippled  sand.      The  phenomena  here   nwtV^^ivV  ^^^^4.  "^^^^h 
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interesting  example  of  the  perfect  similarity  of  a  natui-al 
process,  in  periods  separated  from  each  other  by  immense 
interval  of  time** 

9.  SuBDiYisiojra  and  extekt  op  the  weaxpen* — The 
Wealden  is  subdivided  into  several  groups,  which  are 
characterized  hy  the  litholggical  nature  of  the  strata^  and  the 
prevalence  of  certain  kinds  of  foasila  ;  but  throughout  the 
whole  J  the  fluviatile  character  of  the  formation  is  main- 
tained :  in  the  lowermost  part  of  the  series  onlj  are  there 
any  intrusions  of  a  marine  or  estuary  nature*  In  tact,  it 
is  not  possible  to  coueeive  an  accumulation  of  sedimeotary 
detritus  more  purely  fluviatile — a  delta  more  free  Ironi 
marine  exuviie*  Yet  foreign erSj  and  even  some  English 
geologists,  describe  it  as  a  fltivio-marine  formation  ;  *'tin 
m6ian0e  de  foss^lles  marines  et  (Peau  douce  J'  "f 

Although  it  is  not  within  the  scope  of  these  lecturei  lo 
enter  upon  details  of  stratificatiou,  it  ia  necessary  to  point 
out  the  principal  subdivisions  of  this  extensive  system  uf 
freah-water  depo9it84 

1.  Wbaii>ism    trpi'ER   CLATS    ASD   MAioa.— Stiff    blue    ckys,   wilh 

scpturia^  arglUacoous  irOD^toae,  aad  beds  of  sheUy  UmeitoM, 
cdkd  Sussex  or  P^tmrth  Tnarbte* 

2.  TiiGATE'OJiit    ANi>    HAariETos-sAN^nB.  —  F&wii^col<mTcd  laadf  itid 

stuidgtonea,  with  beds  of  calcareoua  grit  or  TUgnte-^tone,  alter- 
Dating  with  blue  clajB  and  Umeetonea,  marls^  and  lignite, 

3.  AsHBCBxnAM  behs. — Altortmtioim  of  eUjBj  shftles,  and  bluish-grey 

thsUj  lime^touGB  and  ahdea.  j 

ip  Pmnom  BMua.^Clajs,  sandstouei,  uud  ahcUy  lime&tooo  calkd  I 

Furfiedfc  marble.    Limeatouo,  with  layera  of  iKgttabl^  PUf^  | 

and  trunki  of  ire^  in  a  vertical  portion — the  petrified  Forfd  i 

of  Portland.  ' 

•  For  a  particular  account  of  the  Wealden  strata  in  the  sonibHaut  <if     I 
England,  see  my  Geology  of  the  South-Eaat  of  KugUnd ;  FvMili     i 
of  Tilgate  Forest }  and  Qeokglcal  Excoraioni  round  the  Isle  of 
Wight,  P.26R. 

f  iL  Picfcefc— TraUtf  Elcmcntalro  dc  Palfioontolog-ie* 

i  Geology  of  the  South  East  of  England,  p.  182. 


5  9.  SUBDlVtSlONg  OF  TH£  WEALDEII. 


Such  is  the  assemblage  of  deposits  to  wliich  the  term 
Wealden,  tirst  employed  in  thia  acceptation  by  Mr,  Martin,* 
i&  geologically  applied.  Alternating  layers  of  clays,  aands, 
and  limestones,  almost  wholly  composed  of  fresh -water 
univalves,  and  of  small  Mvalves  with  minute  crustaceaus', 
form  the  upper  series.  Sand  and  gandstone,  with  bands  of 
arenaceous  limestones  or  ealciferous  grits,  sheUs^  and  irre- 
gular iatersp^rsions  of  lignite,  compose  the  middle  group ; 
while  in  the  lowermost,  sands,  clays,  and  argillaceous  shelly 
limestones,  with  small  bivalves,  again  appear.  Another 
series  of  clays  and  limestones,  characterized  by  extensive 
beds  of  very  small  univalves,  generally  in  the  state  of 
marble  {Purheck  marble),  succeeds ;  and  buried  beneath  the 
whole,  is  a  petrified  pine-forest,  with  cycadeous  plants  ;  the 
trees  still  erect  in  the  soil  in  which  they  grew  I  And  in  all 
these  deposits,  bones  of  colossal  terrestrial  reptiles  are  more 

»or  less  abundant. 
The  upper  clays  and  limestones  occupy  the  valleys  of  the 
Wealden  districts  that  skiit  the  inner  escai-pments  of  the 
chalk  downs,  in  Surrey,  Kent,  and  Susses  ;  the  middle 
group  of  sands  aad  sandstones,  constitutes  the  Forest  ridge 
of  those  counties  ;  and  the  lower  series  appears  in  the 
deep  valleys  in  the  east  of  Sussex,  around  Battle,  Bright- 
ling,  Bur  wash,  and  Ashbumham. 

The  Purbeck  strata,  which  are  distinguished  by  thick 
beds  of  shelly  limestone,  principally  formed  of  one  small 
species  of  paludina,  appeal'  on  the  coast  of  Dorsetshire,  in 
the  Island,  or  more  properly  the  peninsula,  whose  name 
they  bear.  The  lowermost  deposits  of  the  Wcalden,  range 
along  the  southern  shore  of  the  Isle  of  Purbeck,  and  crest 
the  northern  hrow  of  the  Isle  of  Portland  ;  overlying  the 
oolitic  limestones  and  clays,  of  which  that  insular  mass  of 
sti-ata  is  chiefly  composed. 

»  Gtjologj  ot  Wuittjrn  auBbcx,  by  L  P.  Martin,  Esq. 
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The  Wealden  beds,  or  rather  the  lowermost  divbioix,  the 
Furbeck,  also  Qoeur  in  the  vale  of  Wardour,  which  h  a 
vaUi-^y  of  detmdatioQ,  in  the  south  of  Wiltshire,  represent 
ing  on  a  email  scale  thai  of  the  south 'Ciist  of  England*  In 
this  valley  the  various  members  of  the  elialk  occur  io  tbeir 
regular  order  of  superpoaition,  re^Bting  on  tday  and  Purljisck 
limestone,  and  having  the  Portland  stone  beneath.* 

At  Stono  in  Buekingham shires  and  Swiadon  in  WOj^luiu, 
the  oolite  is  capped  by  layers  of  freshwater  limesloiie  i&d 
marl  of  the  Purbeck  series. 

Iij  France^  on  the  coast  of  the  Lower  Boulonnals^aiid  in  llie 
valley  of  Bray  near  Beauvais,  strata  of  a  like  character  an.^ 
observable,  in  which  the  Sussex  marble  {hiifuncheli^^-pak- 
di7Wi)i  and  a  fern  peculiar  to  the  Wealden^  have  been  dis* 
eovored  by  M,  Graves  of  Beauvais,  to  whom  I  am  indebted 
for  specimens.  There  can  be  no  doubt  that  this  formation 
origLuaily  extended  over  u  inut:!h  larger  area  ;  for  the  ssmp 
fossil  tern  (  Lour hoptt^ris  3f ant tilii,  Li(jn,  88)  has  been  fouo'l 
in  strata  beneath  the  grecnsEind,  m  Sweden,  by  Profeflsor 
Niilson ;  who  informed  me  that  several  of  the  plants  from 
Tilgate  Forest,  were  analogous  to  specimens  he  had  eoUected 
in  the  little  island  of  Bornholm,  ofl*  the  Danish  coast.  With- 
out implicitly  relying  upon  the  correctness  of  all  these  obser- 
vationsj  the  WeaUlen  may  be  estimated  as  spreading  over 
an  area  of  more  than  200  miles  in  length  from  west  to  east 
and  220  milew  froai  north- wes^t  to  south-east ;  an  extent  1 
little  exceethjig  the  delta  of  the  Ganges  or  of  the 
sippi^  and  surpassed  by  that  of  the  Quorra,  which 
suHhce  of  25,000  square  miles,  an  area  equal  to  lialf  ihi' 
superficial  surface  of  EnglainLf  The  total  thickness  of  the 
Wealdeu  deposits  is  estimattid  at  2(J00  feett  which  is  four 
times  that  of  the  delta  of  the  Mississippi. 

*  Dr,  IfittoUi  "  On  the  heth  behw  the  VftM ,"  Oc<>logiail  Tf*ii* 
Fiuiioiu^j  1837.  p-  424. 
I  Dr.  Fittoa. 


[  lO  &i»U 

Ltent^m 
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^B  10.  Wealdei^  of  the  kohth  or  Germaky. — In  the 
^^orth  of  Germany,  tbe  Wealden  formation  has  been 
traced  by  M.  Ronierj*  and  other  observers,  over  a  con- 
siderable part  of  Hanover,  covering  a  large  area  to  the 
a  or  til  of  the  Porta  Westphalica,  inclading  the  coal-field  of 
Btickeburg  ;  the  impnre  coal  of  which  resembles  our  SuHsex 
Hgnite-I  These  Wealden  deposits  lie  upon  the  oolite,  and 
beneath  the  lowermost  beds  of  grcensand  ;  thus  occupying 
the  same  geological  position  as  their  English  equivalents ; 
the  total  thickness  of  the  series  is  estimated  at  800  feet. 
Numerous  charaeteristic  fossils  occur  throughout  the^e 
strata  ;  and  even  the  principal  subdivisions  of  the  Sussex 
group  have  been  distinguished. 

During  the  last  jear,  a  beautiful  work  on  the  Wealden  of 
the  north  of  Germany,  was  published  by  Dr.  Wiihelm 
Dunker,  (of  Casael,)  in  which  are  numerous  important 
additions  to  the  tiiuna  and  flora  of  the  country  whence 
the  wealden  deposits  were  derived.  It  contains  figures  and 
descriptions  of  nearly  fifty  plants^  and  a  still  greater  number 
of  shells,  several  fishes^  and  two  new  reptiles  ;  the  plants 
are  chiefly  ferns  and  cycadese.f 
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•  VerateiEcrungoa  dea  Hord-deutaehcn  OoUtlien-Gebei'gee ;  by  Pro- 
feBBor  Etimep  :  Hanover,  1836.  In  this  work  M.  K5mer  eaumeratcB 
many  fosails  which  diBtingnish  the  Aahbumham  (der  A&hbuTnham 
sdhichMh  Hastings  (df.r  Hoistings  sttndsidn)^  TUgat^i  ( T^fjairSiHn)^ 
and  Weald  clay  (der  W^(d4er4honJj  deposits.  CypridcB,  PaludinEe, 
Cyreiue,  Cyclades^  Sec,  are  mentioaod  as  imlveraally  praTailiog  through- 
oat  the  Bedee. 

f  See  Foaailfl  of  the  South  Downs,  p^  34. 

X  Monographie  der  Nord-deutscheo  Wealdenbildung.  Ein  Bel- 
trag  zur  Gcflgnosic  und  Naturgefichichte  der  Vorwelt  Yon  Dr. 
Wilbdm  Duuker.  Brunswick,  1S46.  One  voL  4 to.  with  twonty-one 
plates.  This  beautiful  volume  will  of  coume  find  iia  i^ay  into  the 
library  of  cTery  geologist ;  but  1  would  aUo  strongly  Tecoroiuend  it  to 
the  ititcUigeqt  collector  of  organic  remains,  ou  account  of  the  numerous 
ttnd  exceileni  figures  of  Wealdeti  plants^  sbells,  &c.  The  work  may  bo 
obtained  through  M.  fialUiere,  Foreign  Bookaelkr,  Rcgent-atreet. 
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Urt  IV, 


IL  Wealden  of  the  Iblb  of    Wight;^ — Frei^witcr 

deposits  Dimilar  to  those  wehave  deseribed  in  Kent,  Safieai^ 
and  Surrtiy,  appear  at  t\m  backj  or  along  the  sfiutbern  Bk^$, 
of  the  Isle  uf  Wight  j  constituting  the  lowermost  strata  10 
that  island  J  as  shown  in  the  section,  Z/ign^  78,  p«  364. 
These  strata  consist  of  clays,  sands,  and  sandij tones,  wilti 
bands  <»f  shellj  limes tone»»  and  grit  ;  and  are  replete  with 
the  same  species  of  rirer  shells,  terrestrial  plants,  and  bone* 
of  reptiles,  as  the  wealdcn  of  the  S*  E.  of  Kngland,  lliejr 
form  a  line  of  low  cliffis,  in  Sandown  Bay,  on  the  soutia**^t 
of  the  island  \  and  in  the  bay  between  Atheriield  Pohit  aad 
Compton  Bay>  on  the  sou th- west. ♦ 

The  relative  position  of  the  strata  Is  shown  in  thtt 
annexed  soction,  from  the  coast  at  Brook  Point,  to  the  ctnik 
downs  on  tJie  north*  If  we  pixjceed  from  the  aea-ahc»rt*  al 
Brook -chine  J  tlirough  the  village  of  Brook,  towards  Slud- 


BkalcomliDowa. 


Brook  Point. 


loath. 
Lion, 


■;^cr-^' 


K— SjtcTitiif  mciit  Itnovit  Foivt  TO  BuALf^oMii  Dawn ;  m 

Ilt^n    OF    WfdfTT, 

WeAldtn  tMadii,    &,  FmmII  Tree*.     3.  Low^r  ^rruup  of  Grv^tiiaqd. 
Upper  graup  of  aric«iijiAiid.    4.  Quit.    &.  FU^itonu,    fi.  Wlilt* 


comb 'down,  we  pass  over  the  beds  in  tlie  following  order  ► 
L  Wealden  clays,  grits,  &c*  forming  the  eUfil  2  and  S. 
Greensand.     4.  Gait*    5.  Firestone,     6,  Chalk, 


*  Tho  roiv-lcr  \^  rofcrrod  ta  my  Gool&giod  Excun^ionji  rouad  lltoljik 
or  Wijjht,  for  pari  ion  la  r  mformatinn  on  these  strata,  aud  ihoir  oipik 
rL'nijvltiH* 
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The  WealdBn  beds  form  the  entire  cliff  for  B€veral  tnilei 
along  thia  part  of  the  coast ;  but  they  may  be  aeen  dipping 
under  the  loTtrermost  saads  of  the  cretaceous  formation^  near 
Compton -chine  on  the  west  of  Brook  Bay,  and  Ather field 
Point  on  the  east.  Most  of  the  peculiar  fossils  of  the 
Wealden  liave  heen  obtained  from  these  shores ;  quantities 
of  bones  of  enormous  reptiles,  freshwater  ahellsj  and  crus- 
taceans in  immense  quantities  ;  river  mussels  of  large  size ; 
and  ferns  and  cycadeoua  plants*  But  the  most  remarkable 
phenomenon  at  Brook  Point>  is  the  occurrence  at  the  foot 
of  the  chff,  of  a  prostrate  forest  of  petrified  pine-trees. 

12,  Fossil  trees  of  the  Wealijen,  at  Brook  Pod?t, 
— llie  cliff  at  Brook  Point  is  between  thirty  and  forty  feet 
high,  and  is  capped  by  a  tldck  bed  of  alluvial  gravel  and 
loam*  It  is  composed  of  layers  of  day  and  shale  finely 
hmijnated,  with  thin  seams  and  masses  of  hgnite^  The 
lower  part  of  tlie  cHff  consists  of  beds  of  hard  sandstone 
grit,  resting  upon  mottled  clays  and  sands,  which  are  the 
lowermost  wealden  strata  In  the  island.  The  fossil  trees 
are  imbedded  ia  the  sandstone,  aud  protrude  from  the 
waterworn  edges  of  the  rock.  This  indurated  grit  forms  a 
&ort  of  buttress  at  the  foot  of  the  cliff,  having  resisted  the 
tidal  action  wliicli  has  carried  away  the  upper  and  less 
coherent  deposits  :  the  numerous  reefs  that  appear  off  the 
shore  at  low  water,  and  render  this  coast  so  dangerous  to 
murinerii,  have  originated  from  this  cause* 

The  trees  are  lying  confusedly  one  upon  anotlier.  There 
are  no  erect  trunks,  nor  any  other  indications  that  the 
forest  was  submerged  while  gi^owing  in  its  native  sorl^  like 
that  of  the  Isle  of  Portland  j  on  the  contrary,  the  appear- 
ance both  of  the  trunks  in  the  sand -rock,  aad  of  those 
exposed  to  view  by  the  removal  of  the  materials  in  which 
they  were  originally  imbedded,  is  that  presented  by  the 
rafts  that  float  down  the  great  rivers  of  America  ;  as  for 
example  the  Ohio  and  Mississippi.     Suck  t^^lfe  ftuX'MCt^'^^'xsv 
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their  course  the  remains  of  animals  and  plfujts  that  ni&j 
happen  to  lie  in  the  bed  of  the  river,  and  at  length  subside 
and  are  engulfed  in  silt  and  sand  |  in  like  manner  the  fossil 
trees  in  this  eliff  are  associated  with  river  shells  fUnwrm), 
and  bones  of  land  reptiles-  The  fossil  forest  at  Bn>ok 
Point  iSj  in  fact,  a  raft  of  pine  trees,  whicli  floated  down 
the  river  that  deposited  the  Wealden  bed^j,  aod  was  sab- 
merged  in  its  delta,  burying  with  it  bones  of  terrestrial 
animalaj  freshwater  mussel s^  Sec 

Tlie  trees  when  lying  in  the  sandstone  are  in  variably 
covered  with  their  bark,  now  in  the  state  of  lignite,  atn! 
which  varies  from  one  to  three  or  four  inches  in  thickness^ 
according  to  the  magnitude  of  the  trunk.  This  carbonized 
eoitieal  investment  is  quickly  removed  on  exposure  to  the 
action  of  the  waves  ;  but  the  ligneous  structure,  tlie  woodj 
fibrCj  remains.  The  trees  are  calcareouSj  not  siliceous  like 
those  of  Portland  ?  they  are  more  or  less  traversed  hy 
pyrites,  and  the  delicate  veins  and  filaments  of  this  mineral 
which  permeate  the  woody  fibre,  impart  a  beautiful  apjiear- 
ance  to  polished  specimens,  Tiie  trunks  are  generally  of 
considerable  magnitude^  being  from  one  to  three  ieet  in 
diameter ;  some  are  of  such  a  size  as  to  indicate  a  heigbt 
of  forty  or  fifty  feet  when  entire.  In  the  conversion  d" 
the  bark  into  hguitej  and  in  the  smooth  condition  of  tk 
trunks,  the  trees  of  this  fossil  forest  present  a  remarkable 
dissimilarity  from  those  of  the  Isle  of  Portland,  which  we 
shall  presently  examine  5  for  in  the  latter  the  carbonizd 
bark  rarely,  if  ever,  occurs,  and  the  surface  of  the  stems  \s 
similar  to  that  exhibited  by  the  trunks  of  old  decorticate<I 
trees,  that  have  been  much  weathered  by  alternate  exposure 
to  air  and  moisture.  At  Brook  Point,  on  the  other  hand, 
the  trees  appear  to  have  been  engulfed  when  fresh  and  t\- 
gorous,  with  their  bark  and  vessels  full  of  sap.  The  annular 
lines  of  growth  arc  often  very  distinct,  imd  1  have  traeed 
from  thirty  to  forty  on  some  of  the  stems  ;  but  these  circle? 
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are  unequal,  and  indicate  tlierefore  a  variation  from  year  to 
year  in  tlic  cUniate  of  the  country  in  which  they  grew. 
The  wood  exhibits,  nndtsr  the  microscope,  the  coniferous 
structure  seen  in  the  Arancaria  (Norfolk  Island  Pine),  the 
rows  of  glands  or  ducts  being  placed  alternately ;  and  tlie 
appearance  ia  similar  to  that  of  the  fossil  wood  of  Wjllingdon 
in  Sussex.*  I  observed  no  traces  of  the  foliage  or  fruit  of 
these  treeSj  with  the  exception  of  a  small  cone,  scarcely  so 
large  as  that  of  the  larch. f  In  the  strata  that  overlie  the 
fossil  forest,  thiu  interrupted  seiims  and  irregular  masses  of 
lignite,  more  or  less  impregnated  with  and  permeated  by 
iron  pyrites,  are  very  abundant. 

13.  Wealden  of  tete  Isle  op  PuRBECK.^The  Wealden 
deposits  arc  next  seen  in  the  Isle  of  Purbeck,  the  south- 
eastern part  of  Dorsetshire,  which  is  distant  about  fifteen 
miles  across  the  Channel,  from  the  western  extremity  of 
the  Isle  of  Wight*  This  island  is  an  irregular  ovid  area, 
between  thirteen  and  fourteen  miles  in  Icngtli,  and  seven  in 
average  breadth j  from  north  to  south,  It  conaists  of  cre- 
taceouSj  wealden,  and  oohtie  strata,  which  occur  in  their 
natural  order  of  succession,  but  highly  inclined,  in  the 
section  exposed  in  Swanage  Bay^  on  the  ea^t  of  the  island^l 
In  this  line  of  coast  the  geological  structure  of  the  Isle  of 
Purbeck  is  clearly  displayed.  In  Studland  Bay,  which  is 
to  the  north  of  Swanage,  the  white  chalk  is  seen  to  emerge 
from  beneath  the  eocene  strata,  and  form  the  cliffs ;  rising 
up  into  the  range  of  downs  that  traverses  the  island  from  the 
east  to  the  south-western  shore.  The  curious  flexures 
produced  on  the  beds  of  chalk  and  flint  by  the  elevations  to 
which  they  have  been  subjected,  are  remarkably  distinct  at 

*  Medals  of  Creation,  ¥oL  i.  p.  IffO* 

t  An  account  of  the  fosail  bones,  plants,  kc  of  the  Wealden,  which 
have  been  discovered  along  the  coaat  in  Brook  and  Brixtan  Bays,  vrill 
be  found  in  ExcnrHionB  rornid  the  lele  of  Wight,  chap.  x.  imd  xi, 

I  fbid*  chap.  xiL 
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Hand  fast  Pointi  Tht;  Uiw^r  divi,«iioiis  of  the  clmlk  Hipinng 
at  a  eansiderable  angk^  Ui  the  north,  next  appear  ;  and  an^ 
ttillownd  by  the;  Wealden  clays,  sandii,  &c.  wliieh  gtrcteh 
along  Swan  age  Bay^  U*  thf5  elcvattjci 
ridge  of  Purb*:ek  strata^  on  tht^  simtJi 
of  tbc  little  town  of  Bwanige*  Al 
DurlaConc  Head  a  fine  Bection  of  tbe 
Purbcck  beds  ia  exposed  ;  and  at  tbe 
extremo  point,  tho  Porttnnd  oolitic 
limestone  sppearai  Prirbeck  ha^  lung 
been  celebrated  for  itei  qunrriei,  wliich 
bave  been  worked  from  time  imme- 
morial, and  particulai'ly  during  ibe 
middle  ages  ;  Ihti  coinpjiet  varieties  of 
the  limestone^  which  tako  a  good  po- 
lish, having,  nnder  the  name  of  Par- 
beck  raarblej  been  in  great  request  for 
the  religions  edifices  of  that  period  j 
and  there  is  aeoreely  a  cathiMlnil  or 
ancient  church  in  England  that  dod 
not  contain  columns,  sepulchral  laoDU* 
ments,  or  pavement^  of  this  materiiL 
This  marble  (  Lifpi.  96)  is  a  congtsritf 
of  small  river  snail  ivhells,  intcrmisid 
with  the  cru^taceous  cases  of  minale 
eypridea. 

14.    COVKS  IK  THE  8OUTH*WKST0f 

Tni:  IsLK  OF  Pdkbkck, — ^Ofi  the  ioath- 

west  coast  of  the  Isle  of  Purbeek,  tb*- 
range  of  vertical  chalk  atrata,  tbe 
eastern  extremity  of  which  forms  tb« 
high  cliffs  at  Handfast  Point  {L^. 
81),  reappears  in  eeTeral  covc«  or 
inland  recesses^  which  have  been  fortned  by  the  inroa4^|H 
the  sea  ;  no  less  than  nine  sections  of  the  stratai  from  VP4 
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chalk  to  the  oolite  Inclusive,  being  exposed  along  this 
coast,  witbiii  a  distance  of  five  miles.*  The  Bubjoiiied 
diagram  {Lign*  82)  will  explain  the  geological  structure  of 
these  bay  3* 


Lfotr.  BS.— F&A¥  or  ni  covBi  an  tvr  •outti-west  coaht  of  the 

TiLI    OF    PPKflBDK. 

/,  Pujb^i^lt  beda.    |f,  Portlimd  stone. 

The  northern  barrier  of  the  coves  consists  of  precipitous 
chalk  cliffs  ;  the  entrance  is  formed  by  rocks  of  Portland 
and  Puvbeck  limestone  ;  and  between  them  is  a  low  tract 
composed  of  the  less  durable  weal  den  strata.  These  bays 
expose,  in  fact,  transverse  sections  of  the  range  of  hiUs 
formed  by  the  Portland  and  Purbeck  beds  ;  and  of  the 
clays,  sands.  See,  of  the  Wealden  ;  and,  at  their  back^  pre- 
cipices of  great  height,  produced  by  the  destruction  of  the 
southern  face  of  the  vertical  chalk  of  the  Downs. 

Thus,  within  the  distance  of  six  or  seyen  hundred  yards, 
we  may  examine  the  entire  series  of  strata,  from  the  Chalk 
to  the  Portland  oolite,  by  proceeding  from  the  inland  cliffs 
to  the  southern  extremity  of  the  bays  ;  the  section  of  the 
east  side  of  Lulwortli  Cove  {Ligiu  83)  shows  the  relative 
position  of  the  formations. 

15*  The  Isle  of  Portland. — The  island,  or  peninsula, 
of  Portland,  is  a  bold  headland,  off  Weymouth,  about 
four  mOes  and  a   half  m  length,  two  in  breadth,  and 

•  QeoL  Eic.  Islo  of  Wight,  p,  aa&— $^^A. 
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300  feet  high;  it  is  united  to  the  main  land  by  a  bank 
of  rtliiiigk  called  the  Cbef^il  heueh.  It  preseatSj  on  tbi 
nortli,  a  |jrecipitous  escarpment^  and  declining  towards  thr 
soutbj  appears,  an  approaching  it  from  the  cjist  or  west*  like 
^  an  insulated  inclined  plane,  rising 
abruptly  from  tbe  sea.  The  soutbera 
extremity  is  flanked  by  low  calcareoa* 
cliffs,  which,  from  the  constant  action 
of  the  sea,  are  worn  into  hollows  and 
caverns.  The  base  of  the  island  i^ 
formed  of  a  blue  clay  (JTmnurtc^ 
clay\  surmounted  by  beds  of  stndt 
and  on  these  are  su  peri  ra  posed  thick 
strata  of  the  oolitic  limestone,  known 
as  the  Portland  stonet  which  is  eilen- 
sively  quarried  in  the  northern  bmw 
of  tlie  island. 

The  strata  dip  to  the  south  at  an 
angle  which  corresponds  with  the  pro- 
file of  the  iHland.  The  coasts  are  steep, 
the  tttse  of  Ximraeridge  clay  forming 
a  talus,  aurmonnted  by  perpendicular 
crags  of  oolite.  The  southern  extre- 
mity consists  of  low  oolitic  limeatmie 
cliffs,  which  are  worn  into  numerous 
caverns  by  the  force  of  the  waves. 

The  northern  brow  of  the  i^iland. 
to  a  depth  of  upwards  of  twenty  tte% 
is  formed  of  llncly  laminated  frt^li- 
water  limestone,  locally  termed  '*  The 
Cap"  which  belongs  to  the  l*urbt?ck 
system,  and  is  superimposed  on  ibe 
uppermost  bed  of  oolite.  The  Kimmeridge  clay,  which  is 
the  lowest  visible  deposit  in  the  island^  contains  the  usual 
marine  shells,  &c.  tha.t  ^te,va.vl  in  this  bed  in  the  Isle  of 
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Purbeckj*  and  other  parts  of  England.  The  oolitic  lime- 
stone, which  lies  immediately  upon  the  clay,  contains 
nodules  and  veins  of  flint  and  chert.  The  aiiddle  group 
is  full  of  the  usual  oolitic  shells  ;  and  the  upper  serieSj  to 
within  twenty  feet  of  the  surface,  coneists  of  the  fine  archi- 
tectural stone  which  is  locally  termed  the  white-bed.  Upon 
this  is  a  stratum,  three  or  four  feet  thick,  of  limestone,  full 
of  cavities  left  by  numerous  shells,  of  which  the  casts  only 
remain  ;  and  above  is  an  irregular  layer  of  flint  nodulea, 
in  coarse  oolite,  which  is  covered  by  a  tbia  bed  of  earthy 
detritus- 

16.  The  peteified  forest  of  Portlakb, — The  fresh- 
water strata  which  form  the  northern  brow  of  the  Isle  of 
Portland,  belong  to  the  lowermost  beds  of  the  Pur  beck 
group  of  the  Wealden  formation.  They  are  in  fact  the 
first  sediments  that  were  deposited  by  the  body  of  fresh 
H'ater,  which  covered  for  ages  the  ancient  oolitic  rocks  ; 
and  they  indicate  the  commencement  of  the  delta,  which 
ultimately  spread  over  a  great  part  of  England  and  northern 
Germany  ;  they  are  therefore^  in  every  point  of  view,  in 
the  highest  degree  interesting.  The  annexed  section  of  a 
quarry  (Lign.  84)  in  which  these  strata  are  seen  in  their 
natural  position,  will  serve  to  exemplify  the  following 
remarks- 

The  lowermost  beds  in  this  quarry  consist  of  the  Portland 
bnilding  stone  (8)  j  and  upon  these  are  layers  of  rubbly 
oolite  (7),  covered  by  a  thin  seam  of  black  earth,  with 
interspersed  vegetable  matter,  in  which  fossil  cycadeous 
plants  have  been  discovered.  This  is  succeeded  by  lami- 
nated freshwater  limestone  (5),  upon  which  is  the  remark- 
able stratum,  called  '' Dirt  bed'^  (4),  by  the  quarrymen. 
This  bed  is  about  one  foot  in  thickness^  and  consists  of  a 
dark  brown  friable  loam,  containing  a  large  proportion  of 
earthy  lignite,  and  like  the  modem  soil  of  the  Island,  many 


*  (kol  Exe.  Isle  of  Wight,  ^.  4(j\. 
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waterworn  stones,  and  pebbles.  This  straluni  appears  to 
have  been  ft  bed  of  vegetable  mould  which  supported  a 
luxuriant  flora  ;  for  in  and  upon  It  are  numerous  trunks  and 
branches  of  coniferous  trees,  and  cjcadeoui  plants.  Above 
the  dirt-bed  are  finely  laminated  eream  colgured  limeat^Jnea 
(3,  2^  \%  the  total  thickneaa  of  which  is  about  ten  teet ;  in 
these  bedjs  a  fe«^  ejprides  are  the  only  organic  remains  that 
have  been  observed.  These  limestones*  are  covered  by  the 
modern  vegetable  soil,  which  but  little  exceeds  in  depth  the 


Vetcteiil*  -*n. 


LtOK.  11.— 'SitcTioM  ijjr  A  at; ABUT  iw  the  litis  ow  Pomlamd.* 

ancient  one,  above  mentioned ;  and  instead  of  supporting 
cycadeous  plants  and  pine  forests,  barely  maintains  a  acanty 


*  From  Dr.  Fitton^fl  MemDir  on  tbe  Strata  below  the  Chulk* 
Trans,  vol  iv. 
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vegetation  J  there  being'  but  few  trees  or   shrubs  in  the 

rhole  fsland. 
But  the  most  remarkable  fact  which  this  iection  pre* 
ients,  is  the  position  of  the  trees  andl  plants  in  the  Dirt-bed  ; 
for  they  are  still  erect,  as  if  they  had  been  petrified  while 
growing  in  their  native  foreats,  with  their  roots  in  the  vege- 
table soil,  and  their  trunks  extending  into  the  limestone 
above  {Lign.  84,  4,  s,).  As  the  Portland  building  stone  lies 
beneath  the  freshwater  strata,  which  are  but  little  employed 
for  economical  purposes,  the  petrified  trees  are  removed, 
anrl  thrown  by  as  rubbish*  On  one  of  my  visits  to  the 
island  (in  the  summer  of  1832),  the  surface  of  a  large  area 
of  the  dirt-bed  was  cleared,  preparatory  to  its  removal,  and 
the  appearance  presented  was  most  striking.  The  fioor  of 
the  quarry  was  literally  strewn  with  fossil  wood,  and  before 
me  was  a  petrified  forest,  the  trees  and  the  plants  like  the 
inhabitants  of  the  city  in  Arab  inn  story,  being  converted 
into  stone^  yet  still  remaining  in  the  places  which  they 
occupied  when  alive  I  Some  of  tbo  trunks  were  surrounded 
by  a  conical  mound  of  calcareous  earth,  which  had  evidently, 
when  in  the  state  of  mud,  accumulated  round  the  stems  and 
roots*  The  upright  trunks  were  generally  a  few  feet  apart, 
and  but  three  or  four  feet  high  ;  their  summits  were  broken 
and  splintered,  as  if  they  had  been  snapped  or  wrenched  off 
by  a  hurricane  at  a  short  distance  from  the  ground.  Some 
were  two  feet  in  diameter,  and  the  united  fragments  of  one 
of  the  prostrate  trunks  indicated  a  total  length  of  from 
30  to  40  feet;  in  many  specimens  portions  of  the  branches 
remained  attached  to  the  stem.  In  the  Dirt-hed^  there  were 
numerous  trunks  lying  prostrate,  and  fragments  of  branches*: 

The  external  surface  of  all  the  trees  I  examined  was 
weatherworn,  and  resembled  that  of  posts  and  timbers  of 
groins  or  pierg  within  reach  of  the  tides,  and  subjected  to  the 
alternate  influence  of  the  water  and  atmosphere  ;  there  ai^a 
but  seldom  any  vesti^^es  of  the  bark* 

//.  Fossil  Cvcadeje  :— Mantellia. — ^T\ie  ^oft«^  ^^^»ss2t^ 
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related  to  the  recent  Ci/cm  and  ^miaj*  occur  in  the 
intervals  between  the  pine-trees  ;  and  the  dirt-bed  h  so 
little  consolidated,  timt  I  dug  up  with  a  spade^  ai;  from  a 
parterre,  several  specimens  that  were  standing  on  the  veiy 
spot  where  they  originally  grew,  havings  like  the  eolumns  of 
the  Temple  of  Puzzuoli  (p.  107)j  preserved  their  orlginil 


LirtN, 


8^,  — SiLlCiriKlI   tKUWK   Of    HaVTEUJ^TA    XIDlFOAJttS. 

unt-ftmrih  ihe  natural  wizf. 


wtL&n  FAftTLAli; 


c,  Zone  if  cellular  Mimae  ; 


ft.  Circle  of  ruidlailnir  woorty  flxlMi 
di  Th«  case,  ar  Al»«  biurk. 
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erect  position j  amidst  all  the  revolutions  which  have  subs^ 

qnently  swept  over  the  surface   of  the  earth,  and  buried 

them  beneath  the  accumulated  detritus  of  innumerable  a^es^ 

These  fossil  plants,  though  related  to  the  recent  Cjcadeo, 

*  These  plants  are  ho  c:ommon  in  conaei-vatorieB  that  their  g^aeiil 
appearance  muet  be  familiar  to  the  reader.  In  the  hotaiiic  j^urdeoiit 
K^w,  there  ate  magmftceicilj  w^^i^vmeTs^^^^iaa^isiiZamia^mijd  of  other 
plants  of  hot  climate*,  <J?  >\i\e\s.  T^Vtw\iQTfma  ftetuT\xv'ODftNR«i&HB^ 
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belong  to  a  distinct  genus  *  There  lure  two  speeies  ;  one 
is  ehon,  and  of  a  spheroidal  farm  (M.  mdiformis^Lign^  85); 
the  othtit  \^  longer,  and  aubcylindrical  {M.  c^lmdncaf). 
The  trees  and  plants  are  completely  silicified  ;  and  their 
internal  structure  is  heautitbUj  preserved  in  many  examples  ; 
the  wood,  microscopically  examined,  displays  the  organi- 
sation of  the  Araucaria.  A  €one  lias  been  found  in  the 
Dirt-bed,  which  Dr-  Brown  considers)  to  he  nearly  related 
to  the  fruit  of  the  Norfolk  Island  pine  (Araucaria  esccehay 
The  Portland  and  Isle  of  Wight  fossil  tree$»  appear  to 
belong  to  the  same  species  of  con i  ferae. 


LlO»>  86*— SrCTlOlf   OF  THE  CLirP  ON    TUJC  JtAftX  y*  LULWtfBTH    Covic. 

if  PuTbeck  (Slcareoiis  ilate  ;  S>  Dlrt-1jG-d,  with  tmoka  at  trees  i  3,  Oulltic  Iinir&tone 


18*  DiRT-BED  OF  Pl-rueck.— The  Dirt-bed  extends 
through  the  northern  part  of  the  Isle  of  Portland,  and 
appears  on  the  coast  of  Purbeek  under  circumstances  of 
peculiar  interest.  In  the  highly  inclined  strata  of  the 
cliff,  about  a  furlong  to  the  etist  of  Liilworth  Cove,  a  con- 
siderable number  of  petrified  trees  is  exposed,  under 
similar  conditions  with  those  of  the  Portland  quarries. 
The  lowermost  strata  (Ligji^  86,  a),  are  the  Portland  oolitic 

*  Named  by  M.  Adolphe  BroDgniart^  Mantdlia. 

t  SpecimeEfi  of  the  f&rmer  species  are  called  "  Crows"  nmls  "  by  tha 
quarrymcn ;  who  lielicvc  them  to  be  birds'  nests,  originally  built  by 
crows  in  the  pine-tteefl,  and  which  have  since  become  ^tnft^. 
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Umestones,  fuU  of  marine  shells  ;  upon  these  is  tbe  dirt-bed 
with  fossil  trees  (2)  ;  tliis  is  covered  by  cream^ioloure*! 
calcareous  stone  in  thin  undulated  landnsej  locally  termed 
*^  soft-burr"  (1)  ;  and  above  are  shales  and  narrow  bands 
of  limestone,  belonging  to  the  lower  series  of  the  Purbeek. 
The  dirt-bed   has    been  discovered    bj   Dr*  Bucldand 
near  Thame  in  Oxfordshire  ;   and  by  I>r-  Fittoa,  in  the 
Vale  of  Wardour.     It  also  occurs  at  Swindon  in  Wiltahire 
on   the   top  of  the  Portland  oolite,   where    fossil  conife- 
roQB  wood  is  found  in  abundance,  and  a  few  examples  of 
MantelliB  have  been  obtaiocd.     Between  Stone  and  Hirt' 
well  in  Buekingham shire,  a  seam  of  carbonaceous  eartli 
occupies  the  geological  position  gf  the  Portland  dirt-bed, 
and  is  covered  by  cream-coloured  marie  and  limestones 
resembling   the    Cap^    in    which   wings   of   insects,  and 
leiiflets   of  Wealden   ferns^   with   remains  of  veiy  smaB 
fishes,  have  been  discovered-* 

From  what  has  been  stated,  it  is  evident,  that  after  the 
marine  strata  forming  the  base  of  the  Isle  of  Portland  were 
deposited  at  the  bottom  of  a  deep  sea,  and  had  beoomi; 
consolidated,  the  bed  of  that  ocean  was  elevated  above  tins 
level  of  the  waters,  and  constituted  an  island,  or  archi- 
pelago, covered  with  pine  forests,  and  cjcadeous  plasta. 
How  long  this  new  country  existed,  cannot  be  ascertained, 
but  tliat  it  flourished  for  a  considerable  period  is  certBinj 
from  the  number  and  magnitude  of  the  petrified  trees, f 

*  See  History  of  Fossil  Infi<;eti  in  iha  seoondaiy  rocks  of  Sngliad, 
by  the  Hot.  P.  B.  Bradie. 

f  Modem  srihrnerged  Forest — An  intenu&tmg  modem  exiimpk  flf 
iho  Bubeidence  of  &  coniiidi^rabk  tmet,  of  country  elotbed  with  TanM, 
the  trees  remaining  erc<!t,  although  submerged  beneath  a  river  whkb 
still  flows  over  them,  is  described  by  a  late  American  writer,  and  will 
eerve  to  illostrate  tho  remarks  in  the  text  The  whole  district,  from 
tbc  Rocky  I^lountaimj  on  the  east  and  the  Pacific  Ocean  on  the  irtst, 
and  ft-oui  Queen  Chariot  to 'a  liiland  on  the  north  to  Culifonua  oa  tl« 
south,  prc&cntB  one  y^i.  Irswil  ^i  vo^kanic  fonnation*     Basalt— belli 
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19.  Okganic  eemaiks  of  teee  Wealden, — The  foasila  of 
the  Wealden  consist  of  leaves,  stems  and  branches  of  plants 
of  a  tropical  character ;  honea  of  enorraoua  terreatrial 
reptiles  of  extinct  genera,  and  of  turtles,  flying  reptiles^  and 
birds  ;  remains  of  iishea  of  several  genera  and  species  5  and 
numerous  fluviatile  shells  and  crustaceans. 

The  bones  are,  for  the  most  part,  broken  and  rolled,  as  if 
they  had  been  transported  from  a  distance.  They  are  more 
or  less  impregnated  with  iron,  and  commonly  of  a  dark 
brown  colour.  Those  in  loose  sand  and  sandstone  are  often 
porous  and  friable  1  those  in  tbe  Tilgate  grit,  heavy,  brittle, 
and  with  the  internal  structure  well  preserved ;  in  fractured 
portions  imbedded  in  the  limestonej  the  interstiees  are  filled 
with  white  calcareous  spar,  and  the  cancellated  structure  of 
the  bones  is  frequently  permeated  by  the  same  substance. 

The  fossil  vegetables  occur  either  bitumenized,  or  in  the 
state  of  sandstone  casts  ;  carbonized  leaves  and  twigtj  are 
abundant  in  some  of  the  strata,  and  the  stems  and  branches 
ai'e  sometimes  silicified. 

eolonmaJ  and  in  amoiphoua  mass««j  veins  and  dykea — every  where 
ot^curii,  and  craters  of  extinct  volcanoes  are  still  visible.  Elcvationi* 
and  dialocaiionB  of  the  strata  hayc  taken  place  on  an  inunenge  tscale  - 
and  snceeasive  beds  of  baBalt^  amygdaloidal  trap,  and  l)rec<:ia,  pro¥e 
the  alternation  of  igneous  action  atid  periods  of  repoac.  Within  a  few 
miles  of  tlie  cascades  of  tbe  river  CohimbiSjand  extending  upwardB  of 
tTPenty  miles,  trees  are  seen  standing  in  their  natural  position,  in  a 
depth  of  water  from  twenty  to  tbirty  feet  The  trees  reach  to  bighj  or 
frefih-wftter  mark^  which  is  fifteen  feet  above  the  lowest  level  of  the 
tide ;  but  Ihey  do  not  project  heyond  the  frenhet  riscj  ahove  which 
their  tops  are  deeayed  and  gone.  In  many  placses  the  trees  are  so 
numerousj  that  *'  we  had  to  pick  onr  way  idth  the  canoe^  as  through  a 
forest.  The  water  of  the  river  was  so  clear,  that  the  position  of  the 
treo  could  be  difitinetly  acen  down  to  their  spreading  roota^  and  they 
ana  standing  aa  in  their  natural  siate^  before  the  country  had  become 
tabmtrged.  Their  undisturbed  position  proveg  that  the  subsidence 
muathave  taken  place  in  a  tranquil  msamGrr  ^Journal  of  an  Exploring 
Tour  heijond  the  Eorky  Mountainif,  by  the  Ucv.  Samuel  Parker,  A,M* 
KewYork.    18^8, 
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The  shells  in  the  clays  have  undergone  but  little  change, 
and  in  many  examples,  the  epidermis  and  evan  UgBmeBl 
are  preserved  ;  in  the  limestonea,  the  substance  of  the  shells 
18  converted  into  spat  hose  carbonate  of  ILme  ;  in  th«  iiand- 
Btoaea,  casts  of  the  interior  of  the  sbells  are  often  the  only 
vestiges.  With  these  general  remarkg:,  I  pass  to  the  con- 
sideration of  the  fauna  and  dora  of  the  Wealdeo  epoch* 

20.  Fossil  vegetables, — From  the  abundance  of  car- 
bonized vegetable  remains  in  many  of  the  laminated  shfllea 
and  clays,  and  the  occurrence  of  liffnitey  or  brown- 
coal,  in  masses  and  layers,  which  sometimea  alternate 
with  shales  abounding  in  fresh-water  bivalves,  a  striking 
analogy  is  presented  to  some  of  the  divisions  of  the  Coai 
TTieasures ;  but  there  are  no  beds  of  coal  of  anj  economif^l 
value  in  the  English  Wealden**  In  Hanoverj  bowever,  this 
formation  contains  an  extensive  coal  field,  which  furniah« 
excellent  fueL 

But  notwithstanding  the  prevalence  of  vegetable  matter 
in  the  stratOj  specimens  exhibiting  the  internal  atructafe 
of  the  plants,  with  any  tolerable  distinctness,  are  veiy 
rare;  and  though  my  researches  were  for  manj  jmxi 
nn remit tingt  I  have  obtained  but  ffw  fossil  plants  that 
admit  of  satisfactory  conclusions  as  to  the  organization  and 
aflSnities  of  the  originals-  I  shall  restrict  my  observations 
to  a  brief  account  of  the  principal  kinds,  and  the  circum- 
stances under  which  they  occur. 

Ferns. — Entire  layers  of  the  calciferous  grit  of  Tilgate 
Forest  are  so  full  of  minute  portions  of  carbonaceous 
matter,!  as  to  present  a  dark  mottled  colour  ;  and  upon 
examining  the  imbedded  particles,  they  prove  to  be  the 
detritus  of  plants  ground  to  pieces  by  agitation  in  water 
loaded  with  aand  and  mud.     Specimens  in  my  possession 

*  See  Geology  of  the  South-East  of  England,  p,  iriii, ;  and  fomk  of 
the  Sootb  DowfLfi,  p.  35|  for  an  aecount  of  an  anaticcesfifal  tfial  for  oewl 
at  BexhilL  f  FosaiU  of  Tilgate  For^t,  Plate  3,ji^.  «. 
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show  that  they  have  been  prineipallj  derived  from  two 
elegant  extinct  species  of  fernsj  which  are  pecnlifir  to  the 
Wealden.  The  one  is  cha- 
racterized bj  its  slender  and 
minutely  divided  wedge-shaped 
leaflets  {Spftenoptef^  ManteHi^ 
Jjfgn,  87)  \  the  other  by  the 
distribution  of  the  nervures 
or  veins  (Loiichopteris  Man-  ; 
teUi^  Li^n.  88),  the  long  and  i 
many  times  pinnated  leaves,  p 
and  the  reticulated  disposition  | 
of  the  secondary  veins  that  ! 
spring  from  the  mid-rib  of  the  !' 
leaflets.  This  plant  has  also  \ 
been  found  in  the  valley  of 
Bray,  in  the  lower  Bonlonniiiaj 

by  M,  Gravea  of  Beauvais  (p,     LiaK.ar-spKSNOPTSRisMAji' 
227)  ;  and  in  Sweden,  in  strata       '^^^^^^  Tii^diTE  fobebt. 
supposed  to  be  of  the  same  epoch  as  the  wealden.     The  Lon- 


LtOW*   8S.— LOITCBOPTEI-Ifi  MaMtBLII.      Tii,CAT1    FOTiEtT. 

chopteris  likewise  occurs  high  up  in  the  greensand  strata, 
at  Atherfield  and  Shanklin  chine  in  the  Isle  of  Wight.* 

•  Itiras  first  noticed  m  this  geological  positLou  by  Mr.  John  Morris. 
GeoL  Exc.  IbIo  of  Wight,  p,  230. 
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These  femi  probably  did  not  attain  a  considerable  nsig* 

nitude.  The  largest  stem  of  the  Spkenopttru  I  have  seen, 
mu8t  have  bclengcd  to  a  phint  about 
five  or  six  feet  high.  Several  other 
ipecies  of  ferna  are  associated  with 
these  remains  ;  but  the  two  pliini-4 
above  named,  constitute  by  far  the 
greatest  proportion  of  tlie  fossil  vep- 
tables  of  Tilgate  Forest.  X  have  ■ 
remarkable  spec i men  of  another  fism^ 
in  whicb  the  part^  of  fructification  are 
beautifully  preserved  {Lign,  89)  j  the 
same  species  has  been  found  in  the 
Wealdeu  of  the  north  of  Germany*' 
Obacure  indications  of  other  sjwcicsof 
ferns  occur  in  our  wealden  iil^ys^  hal 
no  intelligible  specimens  have  \mm 
obtained.  In  tlie  German  deposits 
Ur,  Uunker  hai  discovered  upwards 
of  twenty  Hpecies/t 

LeavfJi  of  Cycadeous  plants,  aad 
aeed'vej*sels  of  Mestmce^^  are  met 
with  in  the  ironstone  of  Heathfield, 
Sussex  ;  and  remains  of  the  folij»|e 
of  trees  allied  to  the  Cypress  and 
Juniper*  ITie  steins  of  a  specits  of 
Equisetum  (mare*t  tail)  abound  in 
the  blue  limestone  of  PouncefordJ 

21,  Cycadeous  tla^ts, — End&' 
ffemies  ero4ia.\ — In  the  strata  of  Ttl- 
gate  Forest,  in  the  sands  of  llaslini^ 


tJAtfi  Forest, 
(AlMnpit-tlji  t>tf<fait§; 

Fig.  K  "nurw  prlnnulu4  nmtf- 

nlrkd. 
Fig.  2.  Tlies  Hpeclmen  or  Wm 

nut  ur 111  Bltie. 


*  Monographic  der  Honl-deiitschen  WeaJdeabilduag,  Ph  VIL  jSj?,  t 

t  Ibi4  p.  28. 

1  E^itiistlum  L^Uiii  MaiL  Oruat,  vo!,  L  p.  lOJ^. 

§  FosiilH  of  Tilgjitc  FotttTil,  n.  \U.  tU\ 
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and  ia  the  clays  of  Germany,*  many  apecimena  of  the  stemB 
of  a  very  curioui  plant,  formerly  supposed  to  be  related  to 
the  Mujfhorbm,  or  Cacti^  have  been  tiiaoovered.  TTiese 
stems  are  of  varioua  forma  ;  some  are  cylindrical,  and 
tapering  at  both  endgs ;  others  are  flattened,  and  of  a  cla^ 
vated  shape.  The  constituent  substance  is  a  grey,  compaet^ 
subcrystalline  sandstone,  and  the  external  surface  of  the 
items  is  traversed  by  fine  meandering  grooves,  and  deep 
tubular  furrows,  lined  with  minute  quartz  crystals  ;  a  trans- 
verse section  exhibits  the  surlace  covered  by  small  pores, 
and  a  few  large  openings,  the  sections  of  the  tubes.  In  a 
^jpecimen  which  I  picked  up  on  the  beach  at  Brook  Point, 
f'fiiiiidles  of  vascular  tissue  are  preserved  ;  these  are  disposed 
in  a  flexuous  zone  round  the  majgin  of  the  stem.  The 
plant  is  supposed  by  Dr»  Brown  to  be  allied  to  the  CyeQdei^.t 
Cones  and  stems  of  a  species  of  Zamia  have  been  found  with 
bone^  of  the  Iguanodou  in  San  down  Bay  4 

22,  Clathraria  Ltellu  {Ligm,  92,  93). — The  most 
interesting  plant  belonging  to  this  tribe  of  conifers,  of 
which  any  vestiges  have  been  found  in  the  Wealden,  is 
that  first  discovered  by  me  in  Susseit,  and  described  under 
the  name  of  Ckithraria  Ifi/ellii*^ 

Tlie  fossil  remains  consist  of  portionB  of  the  stem,  scored 
by  the  imprints  left  by  the  attachment  of  the  petioles ;  leaf- 
stalks ;  the  internal  axis  s  and  obscure  indications  of  the 
foliage  and  seeds.  |  The  stem  is  composed  of  an  axis^  having 
the  surface  covered  with  reticulated  fibres ;  and  of  a  false  bark, 
produced  by  the  union  of  the  consolidated  bases  of  the  pe* 
tioles,  the  insertions  of  which  are  rhomboidal  and  transverse. 


'  Mon.  Nord.  Weald.  Tab.  11 1, 
f  See  Geology  of  the  Isk  of  "Wight,  p,  288, 
X  Meilala  of  Creatioa,  voL  L  p,  IfiO. 

f  FofiBilB  of  Tilgate  Forest,  PL  L  II.  and  III  and  Gcol.  of  tW  a  E. 
of  England,  Fl.  1. 

II  Mcdak  of  Creation,  vol.  i,  p,  IB 2. 
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[The  external  Burfacc  ii  in  coiiaequence  marked  with  loK(.!itge- 
ahaped  elevated  eciira,  separated  from  each  other  by  Uu*n} 
depressions,  fiurrouiided  by  u  parallel   band  of  a  (ibnaia 
structure  (see  Ligju  yO).    This  outer  portion  ia  saiDftinifs 
cguaolidated  into  a  compact  cylinder  of  «torR%  %vhicli  will 
iM^parate  from  l\w  i-t-ntral  axis**     The  latter  is  solid,  mid 
^^^^       strongly     marked     ^xtern^lljf 
^^^^^^^L      with     reticulated      iiit^^rrupted 
^^^^^^^^^^^^^ft    ridges,    Thi^  surface  htkn  gt^uu^ 
^^^^^^^^^M^^^™    riilly  patchea  of  vascular  tiasue 
udhering  to  it;  and  on  aomtpiirta 
uf  the  internal  axia  there  are  deep 
pita,  indicating    lacunie  wbidi 
^»robably  contuiued   a  re^iuou^ 
^eeretiori,  as    m    the    Dragon ' 
blrjod  plant*     In  a  waterWQfu 
spceimen    collected    from  tlic 
beach  at  Brook  Point  {Li^n. 
90),    the    internal     atructuri^ 
which  is  Hecn  in  thin  transverse 
seciiaui^,  resembles  that  of  the 
CycadesB. 
The   most   interesting   exatrjple    hitherto    known    wad 
obtained  from  a  stratum  of  chalk  nuirl  at  Bonchureh  in  the 
Isle  of  Wight- 1     It  consii^ts  of  the  summit  of  the  itiem 
garnished  with  persistent  petiolest  as  shown  in  the  anncxtrd 
(ij^ure,  Lff/n.  91*     The  original  is  fifteen  inches  in  leagtb  i 
the   upper  part  is  entire,    hut  the  lower  is  broken,  wvd 
exposes  the  internal  oxrs  in  its  natural  position  {a)^  sur* 
rounded  by  the  false  hark,  formed  by  the  consoSidatioB  of  Uit 
bases  of  the  leaf  stalks.  Tlie  surface  of  the  lower  (jortion  of 
the  stt^ra  is  bare,  and  scored  with  the  lattiee-likc  cicatricil^ 


•  FotuiliorTil^oie  Forest,  Plate  II. 
t  Ghjology  of  th*  Jile  of  Wight,  p.  294 
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fOHw-tkifd  iiftfuf  Httt,  slue,} 
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whence  the  name,  Clathraria^  h  derived  ;  but  the  upper 
lOh  inches  is  covered  by  the  petxolcH,  some  of  which  are 
abortive,  being  entire  and   rounded  above  ;  while  others 


XlQM.  ffU — SVHitiT  or    A  «T11|    OT  Cl<ATIIKAItt A    LYl^Ltll  ^ 

Frum  the  C^Alk-inai'l  At  BoncVuiirch,  Ulc  of  Wight  i    dtic>ov«fed  by 

CAPT4IW    IbIXTIOII, 

Thlt  fo»iU  It  the  iuiiimit  of  a  at«m  KAfnlplied  with  petiolcM  at  IcJLf^itftlki  on  thp 
upper  port :  frona  the  Iowpt  porlion  Xhv  |k  ttokt  havi-  hepti  rptnoved.  The  iiitemBl 
Axifl  In  M«n  at  m.  The  orijirina]  is  arteen  incheH  fn  length  ;  and  eleven  And  a.  hail  in 
ttie  y  1de«t  tra nftvene  diameter.  It  li  deptiKited  in  Lhe  eoUtM^tion  of  the  lile  of 
Wtgbt  FoAtilHp  in  the  Polytechnic  InitUutlonr  London. 

have  their  summits  marked  with  vascular  pits,  dispoaed 
with  great  regularity,  as  shown  in  Li^n.  92,  r  ;  these  indi- 
cate  the   fornipr   attachment   of  leaves,   that   were   shed 
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naturally.  Similar  charactera  ore  obinrvnblta  in  the  pctitjliti 
of  i\m  rrci'tit  ZiwTji;!^  ;•  thfl  pffm^mc)?  of  thtH  cluira^te 
plant  of  tlio  Wefil<lf*Ti  bo  lui^^h  up  in  tho  t'liaJk  fi>ntmtl0 
in  ii(vt>rdanctj  with  tlie  occuiTiMifii  of  bcmt^^  (>f  thn  Iguitno- 
dtjn,  %(%  in  tin?  gr«(inHimd  ai'  Kent,  which  wo  shall  noiico 
heroaftefp 

la  tho  Btrtita  of  Tilgate  Foroit,  the  Chthmrim  are  invn- 
Hubly  asaooiatdd  with  watarwom 
bont^M  of  rnptilcs,  pebblf^K,  gruvrt^ 
and  other  drift  i  and  arc  oftco 
irnhnddtul  in  iho  Huviatilu  eon- 
glomumto  which  Ik  fdiind  in 
fturao  parta  of  thti  Woalden.  'ITin-jp 
Liow.  n.-A  FHTKiLi  Of  ri.*.  nppmr  to  htwts  floatod  down  the 
Til  HA  til  A  LyMu.it;  jr^m  ih^  ^^^^^^    ^j^i^    ^^^^    mvmm^^    m\i\ 

Htm    f>/    iht  tpMim** /ffiifftt  «    .,  \,  ' 

UffM,  ui.  limbi»   of   Iho    rt^ptilcn,    and   at 

tt'mfll  mirllVn**  i  p,  tUl   vimruliir  ^  .     *     *  *    i  ^ 

trinrkii^fCi,  h.ft  nn  th«  »uminLt  iit>ttotn,  ajid  biHiomi*  iinhcddod  m 

liy  thB  i#p»p«ti(Jh  of  the  Isnf.  (},y   |n„r|  ^^f  tJi^^  ^^^jia. 

A  chifltor  of  pi^tiole^  beU>nf|in(?  to  a  largf*  plant  *^f  tlie 
Clathrnrhu  lian  runttntly  been  diamvonHl  in  tbo  greciisind 
m\iv  Maidfttonn  ;  in  i\w  mmt  epiarry  of  Kentlsili^rag  In 
wliich  werfj  found,  ho  mo  years  mnccp  a  con  a  i  dor  a  i  do  portion 
of  thci  Hkolntcin  of  an  I^niin^jdon,  awaotuatod  with  ilrifW 
con  if  crone  wood,  and  othor  V(%g«tahlo  roniaini*  1  hnvv 
c(d looted  a  i*iiw  dctaohcil  pctioh^t*  of  Clathrariri  from  tlie 
chalk  marl,  and  whito  tdudk,  near  Lowgb. 

2fl.  FitniTJi  (JF  eoPiiKJtii.K  ' — The  Recd*voBa©li  of  ievenl 
GoniforouH  troen  and  pi  an  la  havo  boon  dinoovored  la  tin 
Wctaldcnr  but  under  ci  renin  stances  which  render  tt  impof)- 

•  Tti  n  flDurlihinir  M  pl&nt  of  Ihq  JSnCfj^hfdnrius  pwigims  (torn 
^oiith  Afi-iea,  tri  thn  hntnnlc  iianhmn  ai  Kew^  ftll  Ibo  lower  pftH  of  ifc^ 
«taui,  iKMiDiLih  iho  uorouet  of  foUttpilioovorod  with  porftUtent  p^ilolai; 
ihawi  \fhhh  bava  borna  Ihtw  b«T«  Titteiilar  plU  on  iho  HummSt,  but 
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ible  to  determine  whether  tlir^y  belong  to  tliB  mme  fipccias 
( the  steniB  uiiJ  leavta  that  oqvuv  with  theiii.    Several  et>n«« 
tt  Bpe<:io«  ijf  Cyci)»  or  Zmtnn  vvere  fuiiDrl  with  bones  of 
ll€  Igunnodun  In  SaridowT]  bay;* 


f.lrW.  i>fl,  — fyiHL    fJlUITI    FHUJK  T«K    W*AUIKJf, 


PuFbecitt    3.  Cofw  lt(fin  Kent,    4.  Con#i  |t«ra  Plitplnnfufti,  SujKWJt.t 

A  coTiftitlRrable  number  of  small  oval  nuts  or  carpolithrs 
(Lign,  93,  ftf/.  1 ),  have  been  obtained  from  the  Tilgate  grit  j 
these  are  uonaidered  by  M.  Adolpho  Brongniart  as  probably 
I      belonging  to  the  Clatlirarla. 

The  fossil  fruits  or  cones  figured  in  Lif/n.  B^^^^m.  2,  3,  4, 
are  evidently  referable  to  different  kinda  of  coniferous  treeg. 


GN^tog7  of  tho  lalo  c»f  Wight,  p.  138,  One  of  thefto  ooaei  h  B^r«d 
In  MednU  of  CroaUon^  voL  i.  p.  IGO. 

t  Fip.  2,  3,  4,  arc  redu^d  onc-ha.|f  from  Dr*  Fltton'i  Moinole^  PU 
XX IL    CKjolog.  Tmnfl.  vol.  iv. 
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The  specimen  from  Sussex, ^.4,  is  remarkablefor  the  double  l*^ 
prominences  on  the  scales.     I  extracted  a  small  cone  from  '^ 
the  lignite  beds  at  Brook  Cliff,  which  may  possibly  be  the 
fruit  of  the  pine-trees  of  the  fossil  forest  in  that  locality :  a 
cone  resembling  that  of  the  Norfolk  Island  Pine  has  been 
found  in  the  dirt-bed  of  Portland. 

Four  small  carpolithes,  and  leaves  of  nine  or  ten  (sup- 
posed) species  of  cycadeous  plants,  are  described  and  figured* 
by  Dr.  Dunker,  from  the  Wealden  of  Grermany.* 

24.  Univalve  shells  op  the  Wealden. — The  du- 
rable remains  of  molluscous  animals  are  most  abundant ; 
thick  beds  of  limestone,  spread  over  wide  areas,  and  chiefly 
composed  of  but  three  or  four  species  of  bivalves  and  uni- 
valves, being  a  constant  character  of  this  group  of  deposits. 
The  prevalent  shells  belong  to  a  few  common  fresh-water 
forms,  as  Paludinay  Cyclas,  Unto;  three  or  four  other 
fluviatile,  and  an  equal  number  of  marine  genera,  the  latter 
being  very  sparingly  distributed,  make  up  the  conchology 
of  the  Wealden.  Of  the  Cyclas,  a  fresh-water  bivalve 
which  we  have  already  noticed  as  abounding  in  certain 
tertiary  strata,  upwards  of  forty  species  have  been  deter- 
mined :  of  the  Unio,  a  well-known  fiuviatile  mussel,  ten  or 
twelve  species  :  and  of  the  river  snails,  the  PalvdirKB^  a 
like  number.  It  is  worthy  of  remark,  that  of  the  common 
lacustrine  snails,  XhelAmncea^  so  abundant  in  the  fresh- water 
tertiary  beds  of  the  Isle  of  Wight,  but  one  wealden  species 
is  known  ;  and  of  the  Planorhis,  its  constant  associate  in 
those  deposits,  and  in  our  ponds  and  lakes,  one  only  has 
been  detected.f  The  conchological  fauna  of  the  Wealden 
is,  in  fact,  rigidly  fluviatila  In  some  parts  of  the  lower 
beds,  layers  of  oysters  occur,  and  occasionally  a  stray  marine 

*  Mon.  Nord.  Weald.  Tab.  II.  IV.  VII.  pp.  16,  21. 
f  Ibid.  Tab.  X.  figs.  1,  2.    Planorbi^  Inglesi,  Rnd  Limnoia  ffennei, 
of  Dr.  Dunker. 
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ehell  is  found  entangled  In  the  fresh-water  sediments  ;  but^ 
1  repeat^  the  shells  lutherto  diaeovered  aflbrd  no  grounds 
for  invalidating  my  original  statement,*  that  the  WeaUen  is 
bh  ancient  delta — a  flnviatile  formation. 

The  most  abundant  shells  of  this  dlvislnn  of  testaceous 
tiiolluaca  are  the  Paludinmt  of  which  the  Sussex  and  Pur- 


Liojt.  94.— UiriVAi^VE  esiLLs  op  Tiri:  Wealdih^ 


3.  NerUltia  Plttonl;  a,  nafurrtl  tizf. 


beck  marbles  are  almost  whollj  made  up  :  the  former 
limestone  differing  from  the  latter,  simply  in  the  species 
of  which  it  13  composed. 

The  Sussex  marble  is  a  congeries  of  paludinne ;  chiefly  of 
I^aludina  Jiuviorfun  and  P.  Stissexienjtk  {Znffn,94yjig,  L). 
In  the  coarse  varietiea  of  this  stone,  the  shells  are  deoom- 
jposedj  and  the  interstices  lef\  by  their  removal  filled  up 
with  clay ;  but  in  the  compact  layers  and  blocks,  the  shells 
are  transmuted  into  calcareous  spar,  and  their  cavities  con- 
tain indurated  marl  and  limestone,  of  various  shades  of 
^ey,  blue,  yellow,  &c.  interspersed  with  pure  white, 
mottled  with  black  i  the  polished  slabs  {Li^n.  96)  dis- 
play innumerable  sections  of  the  inclosed  shells,  and  rival 
in  interest  and  beauty  many  of  the  foreign  marbles.  The 
black  and  dark  brown  spots  and  veins  in  this  and  other 
shellj  marbles,  have  originated  from  the  transmutation 
of  the  soft   bodies  of  the  moll u sea  into  a  carbonaceous 


»  InlS22. 
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substance,    termed  'nivihukfte*     Tho  shelb,   which  wt 
eraptj  at  the  period  of  their  becomiiig  Imbedded^  had  lh< 


{ Campmifd  nf  Fttlmtim  tn  and  C§prid&,  \ 

cavitiea  filled  wiih  mud,  silt,  or  other  detritus,  which  hj 
subsequently  hardened  into  clay,  marl,  limestone,  Itc^ :  bi 
those  which  contained  the  gelatinous  bodies  of  the  snail 
are  occupied  by  a  mass  consisting  of  carbon,  and  a  Itr] 
proportion  of  phosphate  of  lime.  In  the  polished  se 
tioea  of  the  marble,  this  carbonaceous  animal  matter  oftl 
appears  in  black  or  dark  brown  spots  and  veins :  al 
the  most  beautiful  slaba  owe  their  variegated  appcnran 
to  the  contrast  produced  by  the  molluskite  with  the  wW 
calcareous  spar.  Upon  examining  thin  slices  of  this  ma 
ble  under  a  slightly  magnifying  power,  many  of  the  sfrd 
and  the  interstices  betw^^en  tliem,  are  seoji  to  be  flB|A| 
with  t!ie  cases  of  C^prkl^'s  {Lign.  98).  ^H 


*  B&R  Medalii  of  Orc&tioD,  vol,  L 
Wight,  p,  24S, 
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L16N.  S6*— PoiiisHEB  sr^AB  or  pL^nECt 
iC&mjtosed  of  a  Mmalt  tpeHex  cf  Paindina.) 


The  Furbeck  marble  differs  from  that  above  described, 
in  being  composed  of  smaller  shells  of  the   same  genus 

(Paludina  ehngaia)  j  it 
also  contains  stbtindance 
of  cyprides  \  and  in  some 
layers^  small  bivalves 
{t/nionei)t  replaced  by 
white  .spar,  give  a  va- 
riety to  the  markings 
exposed  in  the  sections. 
The  polished  cluster- 
columns  in  the  Temple 
Cbureti  in  London,  and  in  Chichester  Cathedral^  and 
many  of  the  monuments  in  Westminster  Al^bey,  are 
of  this  marble ;  in  other  words,  they  are  constructed  of 
conglomerated  masses  of  petrified  shells  of  snailSj  which 
lived  and  died  in  the  rivers  that  dlowed  through  a  country 
inhabited  by  the  Iguanodon  and  other  extinct  colossal 
reptiles,  ages  before  a  single  layer  of  the  chalk  was 
deposited  ! 

A  few  species  of  an  elongated  spiral  freshwater  univalve 
(^3Ieianop.n^),  are  found  in  great  perfection  in  some  of  the 
clays  at  Pounceford  {Lipn,  97,  a),  associated  with  the 
characteristic  bivalves  of  the  wealden  (Lign.  97,  b  and  c)* 
A  few  specimens  of  a  small  elegant  Nerite  {N&Htina 
Litton  if  Lign,  94,  jig,  3)^  have  been  fownd  in  the  calciferous 
grit  of  TiJgate  Forest  and  Hastings* 

2o-  Bivalve  shells. — -We  have  already  had  occasion  to 
observe  that  many  kinds  of  the  bluish  grey  limestones  of 
the  Wealden,  are  largely  composed  of  small  bivalves  of  the 
genera  C}^€lnx  and  Cyrena ;  some  layers  form  a  compact 
marble  that  wiU  bear  a  good  polish.  In  the  clay  the  shells 
are  often  beautifully  preserved  i  as  in  these  specimens  from 
Pounceford  {JJgn.  97),  in  which  the  epidermis  and  liga- 
ment remain. 
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The  fresh -water  musselB  cElled  Union^^s,  from  their  solid 
pearly  shelli,  occur  in  considenible  abundaijce  in  some  of 


Lion.  &r,— W£ALDi;»  shkllb,  fjiuh  Fdutfrnyonoi  St^MiX^ 
ff,  Mflluiopiti  tr!t?ftrtiutB ;  *  U,  Cyislna  raedJa;  r^  Cydu  m«mbnuiii«ft. 

tho  Wealdeu  strata^  but  the  species  are,  for  the  most  part, 
of  small  size-  But  I  Uiacovered,  not  lotig  siuce,  a  remark- 
ably  fine;  and  large  Unio,  in  the  cliff  at  Brook  Point,  im- 
bedded with  the  fossil  trees  (ante,  p.  379),  I  have  named 
It  Unio  VaMcnsh%  or  Wealden  mussel  These  eUelle  arc 
from  four  to  six  inehe.H  long,  and  well  preserved  ;  the  surfice 
ia  of  a  tawnjr  red  colour^  the  horny  ligament,  with  its 
transverse  rugae  remains,  and  in  some  examples  the  shells 
are  occupied  by  the  body  of  the  animal  in  the  state  of  mo!- 
luakite.f  Tlie  eolloeation  of  these  large  nausfiels  with  the 
drifted  trees  and  bones  of  terrestrial  reptiles,  in  strata 
80  manifestly  of  fluvmtile  origin,  eoraplctes  the  analogy 
between  the  rafts  imbedded  in  the  delta  of  the  weaJden, 

»  ThiB  shell  is  tUe  Potamides  carlxinariaa  of  KUmer,  and  is  tbwa- 
daut  in  weald  clay  at  Keurladt^  in  Haaaver. 

t  See  Of?ology  of  the  UU  of  Wight,  p.  303,  for  tho  dc$H?ripti(ni#  lad 
PL  "Vl./f/.  1,  for  a  iiguro  of  Ihisi  Urn  foHsil  Piln^U,  which  PBS«nhJf* 
Homo  of  the  llnionc^  of  tho  Amctlcan  rivers.  AIho  the  Lotidirti 
Jouraal  of  QeoloKy  ;  VXvAjh  XVN  . 
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ad  those  brought  down,  and  engulfed  in  mud  and  sandj 
the  Ohio  and  Miasiseippi,  and  other  large  rivers. 


0 


hmi^*  B8. — C%Xr«tA€%AH9  AlfD  MHt!ll,h.,   FROH  THE  W£AI^I>KW- 

'Bigw.  I  and  A.  Cyprfs  jfranulofia ;  highly  magnified. 
2*  Mytlliu  Lyeilil^  Gtm-thitd  nsturai  riser, 

A  few  small  freshwater  mugseb  occur  io  the  claj  at 
Pounceford,  associated  with  c^clades  ;  a  apecies  Is  figured 
in  Lign.  9B,  fig.  2. 

26.  CnnsTACEANs  or  the  Wealben.* — ^The  crusta- 
ceana  of  the  Wealden,  though  occurring  in  inconceivable 
nurabera,  belong  to  but  two  kinds  ;  viz,  Arciweo?tiscus  and 
Oj/pris.  The  first  are  referable  to  the  isopodous  order,  of 
which  our  common  OnutuSj  or  wood-louse,  is  an  example  j 
but  the  fossil  Is(tj7oda  were  aquatic.  They  were  discovered 
by  Mr*  Brodie^  with  remuinfl  of  insects,  in  grej  marly 
Purbeck  limestone,  near  Dinton.f 

The  Cyprides  are  very  small  crustaceans,  having 
the  body  inclosed  in  a  horny  bivalve  shell  or  case, 
tjnited  by  a  hinge,  and  admitting  the  antennae  and 
feet  to  protrude  and  be  at  liberty^  when  the  case  ia 
open*  They  have  only  one  eye,  situated  in  the  middle 
of  the  head ;  the  species  which  abound  in  our  pools  of 
fresh-water  have  two  pairs  of  pats  or  feet ;  those  of 
brackish  and  salt-water  (Cythermu)  have  three  pairs,  and 
inferior  antennae  ;  but  the  shells  are  so  alike,  that  the  lacus^ 


»  Medala  of  Creation^  vol.  ii.  p-  HL 

I  Ibid.  p.  542 ;  and  History  of  liiHefila,  ^.  \Q. 
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trine  and  marine  forms  cannot  be  distinguished  in  a  fossil 
state  :  the  nature  of  the  originals  can  only  be  inferred  bjthe 
organic  remains  with  which  thej  are  collocated.  Like 
other  crustaceans  they  frequently  shed  their  cases^  and  tk 
mud  spread  over  the  bottoms  of  still  lakes  is  often  covered 
witli  their  exuvio&..  The  largest  living  Cypris  doe^  not 
exceed  one  sixth  of  an  inch  in  length.  In  a  fossil  state  their 
cases  appear  like  white  elliptical  reniform  scalesj  on  tbe 
flurface  of  the  recently  separated  laminie  of  clay,  shale,  and 
limestone.  Upon  exposure  to  the  air  the  cases  decompose, 
and  leave  the  surface  of  the  shale  or  stone  covered  with  the 
casts  of  the  shells,  which  appear  as  minute  polished 
tubercles  ;  some  layers  of  the  indurated  ironstone  have  ft 
granulated  surface  from  these  remains,*  In  the  Sussei 
and  Furbeck  marhies,  as  previously  mentioned,  the  cyprides 
are  most  abundant*  There  are  several  fossil  species,  one  of 
which  is  represented  very  highly  magnified  in  Ztign.  98, 
figs.  1,  3.      ^ 

As  the  recent  species  inhabit  either  still  lakes  or  gently 
flowing  streams,  and  not  the  turbulent  waters  of  estuaries, 
it  follows  that  sediments  largely  charged  with  these  exuvii^ 
associated  with  freshwater  shells^  ajford  strong  presump- 
tive evidence  of  a  fluyiatile  origin, 

27.  Insects  of  the  Wealden. — The  durable  nature 
of  the  wing-cases  {di/ira),  legs,  antennas,  &c,  of  the  co- 
leoptera,  and  other  insects,  rendered  it  probable  that  some 
vestiges  of  this  class  of  articulated  animals  would  be  pre- 
served in  the  muddy  sediments  of  the  Wealden.  Bat 
I  sought  in  vain  for  any  vestiges  of  this  kind^  in  the  localities 
of  the  south-east  of  England  that  were  accessible  to  my 
observations*  In  the  remote  outliers  of  the  Purbeck  beds 
in  the  vale  of  Wardour  in  Wilt%  and  in  several  places  in 

»  In  the  iiand^one  quarrieB  at  Langton  Greea,  near  Tonbri^gt 
WelUi  Blabs  of  this  kiad  occar,  studded  over  with  ca:&t&  of  cypddit, 
md  mlnate  aniont^ft. 
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BuckmgliaiDshlrej  the  i-esearches  of  tlie  Rev,  P»  B,  Brodia 
have  been  most  successful^  and  the  acumen  and  per.s€ver^ 
ance  of  that  gentleman  have  brought  to  light  severiil  hun- 
dred specimens  of  insects  or  parts  of  injects.  These  consiBt 
chieflj  of  remains  of  Coleopterous,  Orthopteron^,  and  Menii- 
pterous  insects  ;  and  several  kinds  of  Diptera  and  Naitro- 
ptej'a,  I  have  subsequently  collected  a  few  relics  of  beetles 
from  the  AlTealden  marls  at  Wattiringbiiry  near  Maidstone  ; 
and  of  coleoptera,  diptera,  and  some  unknown  forms,  from 
near  Stone  in  Buckinghamshire  ;  a  locality  of  fossil  inaecta 
first  pointed  out  by  Mr,  Brodie, 

The  Wealden  insects  hitherto  discovered  are  of  very 
small  sizCj  especially  the  Diptera  and  Coleoptera  ;  and  if 
any  i inferences  could  be  legitimately  drawn  from  these 
limited  observations^  a  low  climatorial  temperature  of  the 
country  they  inhabited  would  be  indicated j  as  the  magnitude 
of  the  insect  tribes  is  iu  proportion  to  the  heat  of  the  climate. 
The  insects  discovered  by  Mr.  Brodie,  and  described  and 
figured  by  Mr,  West  wood,  comprise  species  of  Aphis, 
cuckoo-spit  insects  (Cereofddea),  diamond  beetles  {Curcu- 
Uonid<B\  terrestrial  Crickets,  Cockroaches,  and  Dragon - 
flies  (LibeUuhi?)  ;  of  the  latter^  which  are  inhabitants  of  the 
water  in  their  first  stage,  and  of  the  air  in  their  last,  there 
are  relics  belonging  to  species  of  gigantic  size.  As  a  general 
result^  Mr.  Westwood  considers  the  entomological  fauna  of 
the  Wealden  to  indicate  a  temperate  climate.*  At  the  same 
time  we  must  remark,  that  it  is  not  at  all  probable  that  the 
annulosa  of  the  wealden  epoch  are  wholly  represented  by  the 
minute  and  fragmentary  remains  at  present  known, 

28,  FiaHES  OF  THE  Wealden, — The  fishes  whose  re- 
lics  ate   distributed  throughout   tbe  Wealden   formation 

From  Mr-  Westwood's  obftervationa,  in  the  ekgant  volume  en- 

^iitled,  A  Hifltory  of  the  Fossil  Insects  of  the  Secondary  Eocta  of 

Euglaad,  by  the  Eer,  P.  K  Brodie ;  one  voh  8to.  10  platefl*    Yan 

,  Voorst,  X84  5- 
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are,  for  the  moat  part,  either  of  the  shark  familj,  or  of 
related  genera  ;  and  of  species  allieil  to  the  large  nver-pike« 
of  South  AraeJiea-  Dettiched  scales,  teeth,  dorsal  mysj,  and 
bones  of  these  fishes  are  very  abundant ;  but  it  is  rarely 
tbat  united  portions,  either  of  the  skeleton,  or  of  the  dermal 
covering,  are  preserved. 

Strotig  thick  enamelled  acale.^,  bearing  a  high  polish  and 
having  two  processes  of  attachment^  with  small  ln^au- 
apherical  teeth,  called  by  the  workmen  fiifiea'  et/ejtf  are  lli*i 


Lii}H.  00.— EKaTQU^D  OUTLiirz  OF  TJiK  LErxnoTVv  ae  TtiK  WkalorKh 
(By  M.  Asa'^i^i 

moat  common  relics  of  tliia  kind.*  They  belong  to  the 
LepidotuSf  or  bony  pike,  a  genus  of  which  a  living  repre- 
sentative inhabits  the  rivers  of  South  America*  In  the 
grits  and  conglomerates  of  Tilgate  Forest,  and  of  Hastinp, 
these  scales  and  teetli  are  in  prodigious  numbers,  A  few 
tolerably  perfect  specimens  of  the  fishes  from  which  these 
teeth  and  scales  were  derived  have  been  obtained,  and  hate 
enabled  M.  Agassis  to  determine  the  form  of  tlie  original 
(Li0n,  99)*t  In  tlie  Purbeck  strata  a  small  species  of 
Lepidotus  is  equally  abundant. 

*  Medala  of  Creation,  Vf>\.  ii.  p,  63T. 

+  A  ipocimca  in  the  Britiflh  Maaeum  (from  my  coll«etioti)  hM  & 
oonEiidorable  part  of  the  cmnitim  and  body,  with  the  doreal  and  poctoml 
fins.  Another  (diacovcred  by  Robert  Trotlcr,  Esq.  formerly  of  Borde  HiO, 
Sus&eic)  retains  amaia  of  the  BCftlcfl  in  juxtftpoftitinn,  more  thin  t  loot 
^i*ie,  near  whoro  the  cMiudal  fin  commences ;  this  fiah  muit  thei«l^ 
have  been  ten  or  t^fdve  t!sal\o»i\^,  iwt\t\  ^\M&t^^^  ^Ide. 
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Finely  striated  tricuspid  teetbj  and  others  of  a  trans- 
Tersely  elongated  shape,  with  a  sharp  elevated  central  cusp 
and  several  ^^maH  lateral  ones,  are  the  next  in  frequency. 
These  belong  to  fishes  termed  Mi/hodonU^  allied  to  the 
sharks,  from  which  they  did  not  materially  differ  in  theii* 
habits  and  economy.  They  possessed  two  dorsal  spines  or 
rnyB,  and  remains  of  these  appendages  are  occasionally  met 
%vith  in  the  Tilgate  grit  and  Hastings  sandstone.* 

I  have  found  in  the  Tilgate  grit  a  few  small  oblong  teeth, 
with  the  surface  of  the  crown  covered  by  line  radiating 
strioi ;  theae  are  referable  to  another  genus  of  squaloid 
fishes  {Acrodusf)t  related  to  the  Port -Jack  son  shark. 

8maU  palatine  bones,  having  a  meilian  row  of  flat  trans* 
versely  arched  dental  plates,  with  two  rows  of  hemispherical 
obtuse  teeth  on  the  sides,  are  occasiooally  found  in  the  qnar- 
ries  around  Tilgate  Foi'eiBt,  Horsham,  and  Hastings.  These 
belong  to  fishes  of  the  genus  Pycnodusy  so  named  from  the 
thickness  of  their  teeth,  which  are  constructed  for  crushing 
hard  substances.  I  have  not  observed  any  other  determin- 
able parts  of  these  fishes 4 

Two  very  small  fishes,  belonging  to  the  genua  Leptohph^ 
and  two  others  equally  minute*  which  are  supposed  to  indi- 
cate new  generic  characters,  were  discovered  by  Mr.  Erodie, 
in  the  strata  containing  insectSj  near  Dinton,  in  the  Yale  of 
Wardour.^ 

29.  Reptiles  of  the  Wealben. — It  will  doubtless 
surprise  the  reader  to  leam  that  the  whole  of  the  enormous 
bones  and  teeth  before  us,  are  those  of  rep  tiles  J  and  that 

•  Medals  of  Creation,  vol.  ii.  p.  607j  621.  Fossils  of  Tilgate  Forest^ 

fPl.  V./5P14;  Pl.XV./^.2. 
\  +  Medals  of  Creation,  vol.  ii.  p.  6U.        %  Ibid.  p.  641. 
§  Ilistor)-  of  Fomil  Insects,  PU  hjig^.  1,  2,  3,  4  ;  p.  15. 

II  This  Le^jtum  waa  iUoHtmtcd  by  fioveral  hundred  spe<;imena  of 
bones  and  teeth  of  reptilofi  from  the  Weal  den ;  maay  of  such  ma^i- 
tude,  that  the  assemblage  Fe&embled  an  accumulation  of  the  cUfiscvered 

-^oletone  of  gigantic  elephants  or  mastodouft. 
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not  a  vestige  of  any  of  the  mammalia  occurs  In  the  Weal- 
den  deposits.  Even  these  teethj  which  ao  atrikingljr  re- 
semble the  incisors  of  the  Rhinoceros,  and  these  bones  of 
the  feet  and  toes,  which  are  so  similar  in  shape  and 
size  to  those  of  the  HippopotanmSj  belong  to  oviparous 
quadrupeds.  Many  of  the  specimens  can  be  referred  to 
certain  extinct  forms  of  sauHans,  or  lizards  ;  but  the  affiai* 
ties  of  others  have  not  bectn  ascertained*  The  determinatioQ 
of  these  fossil  bones  is  indeed  no  easy  task  *  for  while  in 
many  marine  depositSj  considerable  portions  of  the  skeletoas, 
or  even  the  entire  series^  are  often  discovered,  in  the 
Wealden,  with  but  few  CKceptions,  every  bone^  tooth,  and 
scale^  has  been  found  apart  from  each  other  ;  and  as  if  to 
render  the  task  still  more  perplexing,  the  relics  of  several 
different  species  and  genera  are  scattered  at  random  through 
the  rocks.  Every  specimen,  too,  bears  evidence  of  having 
been  transported  from  a  distance.  It  would  seem  as  if  the 
limbs  and  carcasses  of  the  animals  had  floated  down  the 
stream,  and  been  rolled  backwards  and  forwards  by  the 
tides,  and  the  hones  broken,  before  they  sank  down  and 
became  imbedded  in  tlie  mud  of  the  delta.  To  collect  these 
scattered  fragments^  and  extricate  them  from  the  solid  rock 
— ^to  retmite  them  into  a  whole,  and  assign  to  each  skeleton 
of  the  respective  animals,  the  hones  which  once  belonged  to 
it,  yet  not  to  confound  the  diiferent  species  together— such 
is  the  labour  which  the  comparative  anatomist  has  to  per- 
form, who  undertakes  to  investigate  the  nature  of  the 
wealden  saurianSt  I  reserve  for  the  nes:t  Lecture  some 
general  observations  on  the  economy  and  habits  of  reptiles^ 
and  will  now  describe  the  fossil  relics  before  us* 

30.  TuRTLi;s  OF  THE  Wealden* — The  bones  and  pktes 
of  chelonian  reptiles  are  very  common  in  the  Purbeck  lime- 
stoncj  and  in  the  grit,  sandstone,  and  shale  of  Tilgate 
Forest  They  are  referable  to  two  or  more  freshwater, 
and  one  marine  s^ee\©&  \  owe  o^  i\ife€otmet'  appears  to  belong 
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to  an  Mmys^  or  freshwater  turtle,  described  bj  CuvieFj* 
as  occurriBg  in  the  Jura  liroestone  at  Soleare.  It  is  a  very 
fiat  species,  and  probably  attained  two  feet  in  length. 

Many  ribs  and  other  parts  of  the  oarapace  of  a  Tri' 
oni/x  have  been  discovered  in  the  Bhale  of  Pouneeford, 
and  grit  of  Tilgate  Forest ;  the  external  surface  of  the 
dorsal  plates  is  ehagreened  all  over,  as  is  usual  in  these 
cheloniaas,  which  have  no  shell j  coveringj  but  only  a 
thick  J  tough  skin  J  or  integument  ;  the  recent  speeie§ 
inhabit  the  Nile  and  Euphrates, 

Trionyx  BahewellL  Among  these  remains  of  fresh -water 
turtles  are  costal  and  dorsal  plates^  and  other  bones  of  a 
chelonian  reptile,  which,  in  its  essential  characters,  is  closely 
allied  to  the  Trioni/ces^  but  differs  from  all  known  recent 
specieSj  in  having  possessed  a  horny  dermal  integument 
formed  of  plates  of  tortoise-shelL  This  is  indicated  by  the 
fossil  rihSj  which  not  only  have  a  shagreen  or  punctated 
surface,  like  those  of  the  recent  species,  but  also  imprinte  of 
the  horny  scutes  or  scale s,t  Except  in  liaving  a  defensive 
coating  of  tortoise-shell,  this  turtle  must  have  closely  re- 
sembled the  exiating  predaceous,  soft^  fi-esh-wator  chelo* 
nians  ;  and  doubtless,  like  those  reptiles,  inhabited  the 
muddy  beds  of  rivers  and  lakes  j  preying  upon  the  eggs 
and  young  of  the  larger  reptiles,  and  on  the  mussels  and 
other  fluviatile  moUusca,  whose  shells  are  commonly  associ- 
ated with  its  remains/]; 

Cheioma  JBeliiL    A  considerable  portion  of  the  carapace 

•  Obs,  Fosa,  toia.  v,  p.  232. 

t  See  MedalB  of  Creation^  voL  ii.  p-  777. 

I  I  disea^ercd  remainH  of  this  spQcica^  and  pointed  oat  their  pecu- 
liar characters,  more  than  twenty  fire  years  siunQ.  The  specific  name 
is  ta  commemorate  the  important  Bcrvicea  rendered  to  British  Geology 
by  my  late  respect-ed  friend,  Robert  Bake  well,  Esq.,  author  of  the  best 
"  Introduction  to  Geolo^"  in  this  or  any  other  language*  See  my 
FoBfiilB  of  Tilgatc  FoTent,  p.  60,  Pi.  VL  J^.  1 ;  and  Geology  of  th-^ 
South-Eofit  of  Etiglaad,  p,  225, 


412  THE  WONDERS  OF  GIOLOGY.  Lkct,  IT. 

and  plastTon  of  &  true  marine  turtle,  belonging  to  n  species 
tUree  feet  in  lengthy  was  obtained  from  the  eandstone  uf 
Tilgate  Forest  manj  years  since,  and  some  frag^ments  are 
figured  in  my  early  works  on  the  fossils  of  that  district." 

3L  Marine  iiEPxaEs  of  the  Weai,den. — By  far  the 
greater  part  of  the  bones  obtained  from  the  quarries  of 
Tilgate  Forestj  Horsham,  &c.  belong  to  colossal  terres- 
trial reptiles  f  but  with  these  are  as^'ioeiated  the  osseoiis 
remains  of  two  or  thi'ee  genera,  which,  there  is  every  reason 
to  suppose  were  inhabitants  of  the  sea  into  which  the  river 
flowed,  that  deposited  the  strata  of  the  Weal  den, 

Plexhsmirus.  I  have  collected  from  various  Sussex 
localities,  bones  of  the  extremities  and  cervical  and  caudal 
vertebrae,  of  one  or  more  species  of  the  extraordinary 
marine  reptile  called  PieMostittrmi  whose  rcmainii  are 
found  in  such  prodigious  quantities  in  the  Lias  and  OoUtejf 
tliuss  we  have  proof  that  this  animal  was  at  least  an  occa- 
sional visitant  of  the  bays  and  estuaries  of  the  Weald  en  river. 

Cetiosam^s.'l  Some  of  the  largest  vertebrae  and  bonea 
found  in  the  Wealden  strata  belong  to  an  aquatic  reptile^ 
probably  of  marine  habits,  of  which  numerous  bones  oecar 
in  the  oolite  of  Oxfordshire,  Northamptonshire,  &Cp  The 
vertebite  are  distinguished  by  their  nearly  circular  faces, 
and  relatively  short  bodies  ;  in  the  dorsal  the  anterior  iaee 
is  nearly  flat,  and  the  posterior  concave  ;  bnt  in  the  caudal 
both  ate  concave,  with  a  well-defined  border,  which  gives 
the  body  a  deeply  excavated  character.     Some  specimens 


•  Hedala  of  Creation,  vol.  ii,  p.  776.     FoaaUs  of  Ttl^te  Forwt, 
PL  VIL  fig.  2, 

t  FofiBila  of  Tilgate  Forest,  Pl,  IX.  figs.  4,  5, 

X  The  n&mo  implies  the  aMnity  of  these  reptitee  to  tbe  eetafeani- 
See  Medah  of  Creation,  voU  ii.  p*  726.     No  Tegtlg^a  of  true  cettr 
ceang  have  heen  found  in  a  fossil  Btate  in  strata  older  thaa  the  tcrtiiiy 
it  would  eeem  that  the  advent  of  the  terrestrial  and  a<|iiatic  iMM- 
malia  on  our  globe,  took  plfl^s  s^^jxitttiiijorancously. 
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are  eight  inches  in  the  transverae  diameter  of  the  articular 
face,  and  but  four  and  a  half  in  the  antero -posterior  length 
of  the  hod  J  of  the  vertebras.* 

These  reptiles  must  have  rivalled  the  living  Whaks  in 
bulk,  for  some  speeimens  indicate  a  length  of  forty  or  fifty 
feet ;  they  are  supposed  to  have  had  web -feet,  and  a  broad 
vertical  taihf  The  bones  foutid  in  the  Wealden  may  have 
been  transported  from  the  sea  by  the  tide,  or  the  living  ani- 
mals may  have  occasionally  been  carried  far  up  the  riverj 
as  IS  sometimes  the  case  with  the  modern  cetaceans. 

32*  Crocomlian  reptiles  of  the  Wealden.J — The 
loricated  or  mailed  saurian  reptiles,  as  the  Alligators^  Croco- 
diles, and  Gavialsj  of  which  numerous  remains  occur  in  the 
eocene  strataj  are  weU  known  as  the  largest  existing  forms 
of  oviparous  quadrupeds* 

Ko  relics  of  any  living  species  have  been  observed  in  the 
secondary  strata,  but  several  allied  genera  appear  to  have 
flourishedduringtheseepochs.  Eutthecrocodili ans of t h ese 
ancient  types  diflfe red  materially  in  structure  from  the  modern  i 
and  particularly  in  the  vertebral  column^  which  in  one  fossil 
genus  only  is  composed  of  concavo-convex  vcrtebroB,  and 
these  are  in  a  reversed  position  ;  the  hall  or  convexity  of 
the  bone  being  directed  forwardsj  or  anteriorly,  instead  of 
in  the  contrary  direction,  or  poBteriorly,  as  is  the  case  in 
the  living  Crocodiles. 

As  a  general  character,  it  may  be  stated  that  the  croco- 
dilian s  with  broad  muzzles,  as  the  Cayman  and  Alligator » 
do  not  occur  in  a  fossil  state  below  the  eocene  deposits  ;  all 
the  reptilian  remains  of  that  family  in  the  secondary  forma- 

■  *  I  discovered  a  fine  suite  of  foar  eonaecutiTe  vertebrffi  in  the  aaad- 
Btoae  of  Tllgato  Forcat,  and  aueceeded  in  extricating  them  entLrc  from 
the  t-oek.  One  otthmi  vortebraj  is  figured  in  PhOoa.  Trans-  for  1841^ 
Fh  IX,  %  13, 

f  British  Association  Keporta,  1841,  p,  102. 
^  Med&li  of  Creation^  p,  71 S* 
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tlons,  belong  to  the  di vision  with  elongated  beaks  or  mur- 
zlea,  like  the  G  a  vial  of  the  Ganges, 

Strepto^f^po/idi/lus.*  The  bones,  and  jawa  with  teeth,  of  the 
crocodilian  reptiles  to  whieh  tliia  name  (aignifjing  rercrsed 
^ine)  has  been  applied,  were  first  discovered  in  the  OoUlic 
clays  of  Honfleur  and  Havre  ;  the  vertebrae  are  united  bj 
a  ball  and  socket  joint ;  the  convexity  or  ball  being  anterior, 
instead  of  |>osterior  aa  in  the  living  crocodiles*  Several 
large  vertebras  of  these  reptiles  have  been  obtained  from 
the  sandstone  and  grit  of  Tilgate  Forest,  and  trom  the 
clays  in  Brook  Bay,  in  the  Isle  of  Wight. 

3S,  Fossil  teeth  of  ceocodilian  reptii*e§» — The 
teeth  of  the  Crooodilfi  are  very  numerous  ;  they  are  of  • 
conical  form,  and  consist  of  a  succession  of  cones,  like  a 
aeries  of  thimbles,  of  various  sizesj  fitted  into  each  other ; 
they  are  striated  externally,  and  have  a  prominent  lateral 
ridge  ;  aa  the  outer  tooth  wears  awayj  a  new  one  is  ready 
to  supply  its  place ;  the  teeth  of  the  old  Croeodile  are 


naiurat  Hzr. 
(GaniophoiU  cttnuidtm.) 

therefore  as  fresh  as  those  of  the  young  animal  but  just 
escaped  from  the  egg.     The  interior  of  the  teeth  is  nerer 


*  Medals  of  Croation,  voL  LL  p.  7gS, 
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completely  filled  up ;  hence,  at  whatever  age  a  tooth  may 
be  removed,  tliere  is  found,  either  hi  the  socket,  or  m  the 
cavity  of  the  tooth  itselfj  a  new  gernij  in  a  greater  or  less 
Btate  of  advancement,  ready  to  occupy  the  place  of  the  old 
one,  when  the  latter  shall  be  riimoved;  and  this  succession 
is  often  repeated.  In  tins  fossil  tooth  {Litju,  100)  from 
Tilgate  Forest,  the  internal  series  of  cones  is  exposed,  in 
consequence  of  the  removal  of  the  outer  uuse  of  the  old 
tooth,  Kumerous  fossil  teeth,  po stress iug  this  character, 
have  been  obtained  from  the  wealden ;  they  are  separable 
into  two  kinds. 

The  first  is  from  an  inch  to  two  inches  in  length,  of  a 
Blender  acuminated  form,  laterally  compressed,  and  gently 
recurved,  with  a  thin  edge  in  front  and  behind  ;  reaembling 
in  appearance  a  tooth  of  the  Megalosaurns  {Lign,  101), 
with  the  serrated  edges  worn  off.*  Some  biconca;ve  ver- 
tebrae, with  compressed  wedge-shaped  ct'ntre^,f  are  supposed 
to  belong  to  the  same  reptile^  which  has  been  named  Suclto- 
murufi  miHridens,\  The  other  form  of  tooth  has  a  cylin- 
drical base,  and  an  obtusely  conical  crown  with  numerous 
longitudinal  grooves  and  ridges,  and  a  sharj)  line  on  each 
side  ;  a  specimen,  attached  to  a  small  block  of  sandstone, 
is  represented  Lign^  100.§ 

34*  SwANAGE  FOSSIL  CBOCOBILE. — ^Thc  teeth  last  de- 
"flcribed  are  comparatively  of  frequent  occurrence  in  the 
wealden  of  the  south-east  of  England,  and  are  often 
associated  with  dermal,  or  skin-bones,  which  are  the 
osseous  supportij  of  the  thick  korny  scutes  or  scales  of  the 
integument  of  mail,  with  which  the  Gavials  and   other 


Medils  of  Creatbn,  vol  i.  PI  YL  fg,  7.  Fo»&i]s  of  Tilgato  For^t, 

t  Fosfiilfl  of  Tilgate  Foreat,  PL  IX.  fi^.  11, 
+  Bntlsh  AHfiotiation  Keports  for  1841,  p.  68* 
§  aiMiilflof  Creatiou,  vaU  i.  PL  VL  Jh.  5,  FoBi^ilrt  of  Tilgate  Pon 
PL  V.>i?*.  1,2,9. 
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crocodilians  are  covered;*  «nd  certaiti  extinct  reptilrrA 
appear  to  have  had  these  scutes  even  more  largely  clevr, 
loped*  As  the  fossil  teeth  and  dermal  hoaea  were  commonly 
associated  togetherj  I  was  led  to  suppt^se  that  thej  might 
belong  to  tlie  same  species ;  an  opinion  which  was  con- 
firmed a  few  years  since,  by  the  discovery,  in  the  Isle  of 
Purbeck,  of  a  considerable  portion  of  the  skeleton  of  a 
Crocodile,  with  similar  teeth  and  dermal  appendages* 

In  the  summer  of  1837^  the  workmen  employed  in  a 
quarry  in  the  immediate  vicinity  of  Swanage^  had  occasion 
to  split  asunder  a  large  block  of  the  Purbeck  limestone^ 
when,  to  their  surprise,  they  perceived  many  bones  and 
teeth  on  the  surfaces  they  had  just  exposed.  As  this  waa 
no  ordinary  occurrence— for  though  scales  of  fishes,  shelia* 
&e.  were  frequently  observed  in  the  stone,  bones  had  never 
before  been  noticed — both  slabs  were  carefully  preserved 
by  the  proprietor  of  the  quarry ;  and  fortunately  my  intd' 
ligent  friend,  Robert  Trotter,  Esq*  Imppening  to  visit 
Swanage  a  short  time  afterwards,  heard  of  the  discovery, 
and  with  that  liberality  and  ardour  for  the  advancement 
of  science  for  which  lie  is  distinguished,  obtained  the  spe* 
cimens,  and  presented  them  to  me.  I  cleared  away  the 
stone,  so  far  as  the  brittle  state  of  the  bones  would  permit 
without  injury,  and  they  are  now  two  of  the  most  interest- 
ing groups  of  crocodilian  remmns  that  have  been  discovered 
in  this  country.! 

On  one  of  the  slabs,  a  considerable  portion  of  the  left  sid** 

»  See  Medfllfl  of  Creation,  yol.  li*  p>  701, 

I  Both  the  slabs  of  the  Swanage  specimen  are  now  placed  Mt  bf 
aide  in  ft  cm&  in  the  British  Masenm ;  In  the  aamc  r«K>m  witli  Hbt 
remains  of  the  Iguaaodon  and  other  fosflil  Baiinans.  There  can  bt 
no  doubt  that  the  entire  lower  jaw  of  tbia  reptile  might  bare 
obtained;  if  the  quarrymen  hM  taken  the  precaution  of  eii 
adjoining  bloek  of  stone.  In  the  same  caie  are  lereiml 
dermal  bones  of  tbii  speeiea  from  Tilgate  Forest 
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of  the  lower  jaw,  with  two  teeth  in  place^  is  preserved  ;  and 
manj  detached  teeth  and  dermal  bones  are  distributed 
over  the  stone.  There  are  numerous  ribs  and  biconcave 
vertebra^  the  latter  having  an  irregular  medullary  cavity  in 
the  centre  of  the  body ;  the  chevron  bonea  are  nf  tbe  same 
form  as  in  the  GariaL  The  bones  of  the  pelvic  arch,  aad 
several  of  those  belonging  to  the  extremities,  remain. 

The  dermal  scutea  are  flat ;  their  width,  which  is  equal 
throughout,  is  about  one -third  of  the  length.  They  are  of 
various  sizes,  from  three  to  six  inches  lonpr.  The  inner 
jsurface  is  smooth,  and  the  external  covered  with  irregular 
deep  pits  or  hollows  ;  some  round,  others  angular.  These 
differ  from  all  known  recent  and  fossil  dermal  bonen^  in 
having  a  lateral  projection  which  fits  into  a  corresponding 
depression  on  the  under  surface  of  the  opposite  angle  of 
the  adjoining  scute.*  Numerous  hexagonal  and  pentagon al 
scutes,  articulated  together  by  marginal  siitureSj  also 
entered  into  the  composition  of  the  osseous  dermal  cuirass  j 
this  reptile  must,  therefore,  have  possessed  a  flexible  and 
impenetrable  coat  of  mail,  capable  of  affording  protection 
egainst  the  attack  of  any  assailant, f 

Maernrhymu^  MyerL  The  cranium  of  another  reptile 
of  the  Gavial  type,  has  been  found  in  the  wealden  of  Ger- 
many, and  is  figured  in  Dr.  Bunker's  beautiful  work  ; 
it  is  characterized,  as  the  name  implies,  by  its  extremely 
elongated  snout.  J 

PoeciJoplenron.  Yertebrte  and  other  bones  of  a  croco- 
dilian reptile,  rekted  to  the  Goniopholis,  are  occasionally 
found  in  the  wealden  deposits  of  Talgate  Forest  and  the 
Isle    of  Wight,    associated   with     the    remains    of   that 

•  MedalH  of  Greaticn,  vob  ii.  p.  702. 

+  Teeth  of  tte  Swanag^  Crocodile  or  Goniopholis  have  been  found 
in  the  wealden  of  GemmnyT  hy  Dr.  Dunker ;  me  Mon.  Nord.  Weald. 
PI  XX.  Jig.  C. 

^  I  Mon.  Nord.  Weald.  Tab.  XX. 
E  1 
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iininLAU  Tliii  V(vrt«ibr«!  art*  hicont»ttVi%  and  Imvrt  a  larg>^ 
miHlu!lary  eavitj?  in  the  middU^  tif  tho  iH*ntrum  cif  tho  Iwiw, 
\Qh\eh  \s  oOt*n  filUnl  up  with  wliJto  ealcan'ou^  *ijMir,  th  \ 
biHly  of  the  vcrt<^Urn  ifl  eoiitriicted  in  tUi>  middle^  rlw 
tuHiriJ  arch  aivchylfwed  with  nn  tmcH:i  of  i^utum  uiu!  iIm^ 
fipmou*|tntf(\<^  14*  i^miirkablo  for  its  backward  indination.* 
Mtiphio^tanrHs  ?  Pr(ift*«m>f  Owtm  utati^,  In  bi^  rpfKirt 
on  tht*  Britiab  foasil  reinib^^  tbat  no  vfTtubrit*  of  ihc  Xtmv 
crtK^rHlilmii  ly|"\  that  m  witli  thtf  anterior  aurfa^'c*  fHineavn 
and  tbo  pnsti^rior  iarr  c*iujvi^x>  have  Innin  found  m  mrnU 
iwUm  tht'  cbiilk.  I  havo,  how*wtT,  tbsfMjvenod  in  ibe  *anrf- 
fitmw  af  Tilgatti  FortMt,  sevtiral  umall  verud»rm»  at  thi^ 
kind,  wbirh  cUmdy  n^iwniihb*  in  tbcir  prtipurfion^  thiwn  i»f 
the    email  Lixard  of  the   dinlkj  tbo  lihaphifvmurui  {antft 


*  Tho  i^mniiiv  of  ihii  rQ()ii1o  were  flrti  dtterlbod  by  M.  Ikitoar 
cliAiiijH*,  (iiaiter  l  ho  nainc  nt  Pofrttoittrnnyn.)  ftvtn  «[HHv[iuiniA  li Wtivi'jvd 
ill  tho  Oolilo  nunr  Ctihtojri  Niirmnuiljri  8i«o  IMtiidi  Aiu»od&tioi;i  l£i|^>ri 

eaudnl  v«rt4^Um. 
t  On  It  j)0Ciiltiar%  1^  JiriMiiifY  in  f^r  >n<  eavdtd  vtH^m  ^ 

mo  to  inHtHulo  a  rlg^roui  oxftmliiitton  of  Ibo  iikol4totui  of  ikv  neosi 
QaviaU  lu  tho  mateum  of  my  fHond  l>f,  Qnat,  of  Iho  Loodtm  Ttilnir 
Mity.  wHh  tho  view  of  dH^^mitntiif  the  ifflnltlw  of  tho  foicti  r(iiualn« 

In  the  iHUimo  of  my  tavotitLic«tloa  I  doloalod  a  peealiftr  ooafonDiUiio 
in  l.h^>  Jird  ntudat  or  mi?f;^j^<il  wrtahra  of  the  rooaat  g^irbil,  which, 
^ivjuigo  it>  MiLy,  apjiaam  to  Iwvc  uMui|i<id  thti  noilo*  of  provtuui  ob 
Rupvfir*.  Tko  vfrtolmivtif  the  i^iiiiUujf  onJciMlUUn  ftaiiUyttrv  itiKuriiblj 
ci>nPAvo  in  front,  iitnl  foiivn*  liohlnd ;  hui  ihoJ(f-i*l  omiial  {Lffffu  lt>0,' 
H>  lit  ilio  ]%duU  OavUI  iii*fimht^  etmi^f^i  Ktnl  tho  luit  tuurml  vvrtebn 
(2)  i7f>i)«vi^v!  ptnittrii^rtf/,  in  v^mve  tho  atitorlor  oonvailij  or  btH  ef 
i1ii^  ^^iiuiliil  Tt)OM>  ppoitbivrUloN  ni^  iihfiwn  In  tho  laaoxod  iktloh. 

Tho  luMt  f/^itim/  vortolim  In  ^rurtlflj^  wn!  Tortotiei  hu  a  < 
Miruntiiru.    In  u  votj  yoiinj;  Onriiil  Ui  Dr.  (^rantV  ooUoHba,  the  i 
iHti>4'^'f;ft^ii)  HuH^vntiH  nro  tn  flat  aa  In  th^i  vnrUfUrm  of  minimal ia ; 
jn  th«  t'rtM^iwIlUi  and  Albjcaiur,  of  I  ho  njinin  niirly  fwHod,  the  < 
rortobm  ia  eonv«it  la  front,  mi  In  tho  Atlult,  gnvtal    Thb  mi^iii 
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35.  DiNOSAUKiANS.* — We  now  arrive  at  the  consideration 
of  three  genera  of  extinct  saurians  or  lizards,  the  Megalo- 
saurus,  Iguanodon,  and  Hylaeosauras,  which  are  so  essen- 
tially different  in  their  osteological  characters  from  all  other 
known  types,  as  to  constitute  a  distinct  order,  that  unites  the 
lacertian  with  the  crocodilian  oviparous  quadrupeds.  The 
remains  of  these  animals  are  principally  distributed  in  the 
Wealden  deposits  ;  but  of  the  first,  the  most  interesting 
relics  have  been  obtained  from  the  Stonesfield  slate,  which 
is  situated  in  the  lower  division  of  the  Oolite  ;  and  of  the 


confers  the  power  of  free  motion  without  risk  of  dislocation  or  muti- 
lation. The  importance  of  a  knowledge  of  this  fact  to  the  palaeonto- 
logist is  too  obvious  to  require  remark ;  the  discovery  in  the  wealden 
of  a  caudal  vertebra,  having  both  the  extremities  convex,  would,  I 
most  confess,  have  been  very  perplexing,  previously  to  my  detection 
of  this  peculiarity  of  structure  in  the  recent  G^vial. 


LlOW.  100.*— SACRAL  AND  CAUDAL  VERTEBRA  OF  THE  G-AVIAL. 

Fiff*.  I.  2.  The  two  anchylosed  sacral  vertebrie.    3.  The  first  caudal  or  coccygeal 
vertebra,  which  is  doubly  convex. 


♦  Dinosauriana,  signifying  fearfuUy  great  Lizards;  a  term 
employed  by  Professor  Owen  to  designate  an  order  of  extinct  terres^ 
trial  reptiles,  which  comprises  the  Iguanodon,  Megalosanrus,  and 
Hylseosaurus.  It  is  to  be  regretted  that  some  other  name  was  not 
chosen ;  for  the  occurrence  of  the  same  word  (SetyiJy,  deinoa)  in  Dino- 
therium  {ante,  p.  173),  Dinomis  (antef  p.  129),  &c.  suggests  to  the 
unscientific  reader,  an  erroneous  idea  of  an  affinity  between  these' 
extinct  reptiles,  mammals,  and  birds,  which  it  was  desirable  to  avoid/ 
£  £  2 
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second,  a  considerable  portion  of  the  skeleton  has  be^O 
found  in  thegreensand  of  the  chalk  formation.* 

These  genera  comprehend  the  colossal  crocodile- lixardf 
of  ihe  dry  land  of  the  secondary  epochs.  The  long  bones 
of  the  extremities  of  the  two  first  are  of  colossal  pro- 
portions, and  have  large  medullary  cavities,  with  well 
developed  processes  ;  their  melacarpalj  metatarsal  and 
digital  bones  J  with  the  exception  of  the  ungneal  phalanges, 
(bones  which  support  the  nails  or  claws,)  resemble  those  of 
the  Hippopotamus,  and  other  large  pacbydermal  mammalia,f 
A  very  remarkable  peculiarity  in  the  osteological  cha- 
racters of  this  order  consists  in  the  saerum  being  made 
up  (jf  five  vertebrae,  anehylosed  together  into  a  solid 
column  ;  whereas  in  all  other  saurians,  it  is  formed  of  but 
two  united  vertebrsB ;  and  tbis  u  accompanied  by  another 
modification,  for  the  neural  arches  of  the  vertebra*  are  sbifted 
to  the  interspaces  between  the  bodies  of  those  bones,  and 
thus  great  solidity  is  given  to  the  pelvic  arch.  Both  these 
arrangements  have  an  evident  relation  to  the  great  siae  of 
the  hinder  extremities  of  tlieae  reptiles,  and  the  enormous 
carcass  thej  had  to  support. 

From  the  great  magnitude  of  some  of  the  bones,  tbese 
fossils  have  excited  the  curiosity  even  of  the  common 
observer  ;  and  although  an  exaggerated  idea  has  been 
generally  entertained  of  the  si^e  of  the  original  animal^ 
yet  even  when  their  assumed  proportions  are  reduced 
to  their  natural  dimensions  hy  the  rigorous  formobe  of  the 
comparative  anatomist,  they  are  Pufficiently  colossal  to 
satisfy  the  most  eathusiastie  lover  of  the  marvellous*  Of 
thiy  the  reader  mny  be  easily  convinced,  if  he  will  visit 


*  See  Medals  of  Creation,  vol.  iL  p.  729* 

t  See  Medals  of  Creationi  ehap.  atviii.  for  a  concia©  view  of  the 
o8t«ologitHil  charactera  of  these  rep  tiles :  and  Profefisar  Owen'a  Eeport 
on  Fossil  Hcptiles  m  tho  TrantUMitioiis  of  the  British  AsBociatioa  of 
Hrience,  for  IS  41,  for  a  full  conBideration  of  the  imhject^ 
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British  Museum,  and  after  examining  the  largest  thigh- 
bones and  leg -bones  of  the  Iguanodottj  repair  to  the  zoologi- 
cal gaUeiy,  and  insipect  the  stuffed  specimena  of  the  existing 
species  of  Crocodiles,  and  Alligators  ;  then  let  hiin  imagine 
the  fossil  bones  to  be  clothed  with  appropriate  muscles  and 
integuments,  and  consider  the  enormous  trunk  which  limbs 
of  such  bulk  must  have  been  de.signed  to  support ;  and  he 
will  obtain  some  idea  of  the  appalling  magnitude  of  those 

**  Mighty  Pre-Adamitaj  that  walked  the  earth 
Of  which  oura  ia  the  wreck/' — Byron. 

36-  The  Megalosaueus,*— The  fissile  oolitic  aliaJe  of 
Stouea field  in  Oxfordshire,  of  which  I  shall  have  occasion 
to  treat  more  particularly  in  the  nest  Lecture,  has  long  he^n 
celebrated  for  its  fossil  remains  ;  among  which  the  teeth 
and  bones  of  a  very  large  unknown  animal,  claimed  parti* 
cular  attention. 

LTbe  Bev*  Dr.  Buckland  fi rat  pointed 
^M         out  the  true  character  of  iheae  remainji, 
mK         and  showed   that   they   belonged  to  an 
^K  ejttinct  carnivorous  reptile  of  enormous 

^^H  magnitude  ;  which  he  dialing ujshed  by 

the  name  of  Mefjahmurm^  or  Gigantic- 
Ijizard.f  Numerous  teeth,  vertebrae,  and 
other  bonea  of  thia  reptile,  were  among 
the  earliest  discoveries  in  the  wealdeu 
deposits  of  Tilgate  Forest ;  and  aeveral 
specimens  are  figured  in  my  works  on  the 

The 
of 
teeth,  dorsal  and  caudal  vertebra,  thigh- 
bones, and  other  bones  of  the  extremities  i  they  belong 


*  Mediiis  of  Creation,  voL  ii.  p-  73'3. 

f  Oeol.  Traiii.  voL  L  second  series, 

X  Foflails  of  Tilgate  Forest,  PL  IK.  ^.  ^1 . 


^ovuo  Mi.<;ALo«Atf-  gtJology  of  that  interesting  distnct,} 
MFt :  from  Titsate  specimens  from  the  wealden  consist 
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iipparcutly  to  the  same  speciea  {M,  Buvklandi)  m  that 
uf  StonesHeld.  The  tooth  of  this  reptile  ( Li^n,  101 )  b 
distinguishable  by  iti  f^abre-like  form,  conical  laterallj 
compressed  crown,  and  linely  serrated  trenchant  edge;?. 
Fix>rii  this  structure  of  the  tooth  it  may  be  inferred  that  the 
Megah>§aurus  was  carmvoroua  ;  its  length  is  estimated  at 
nearly  tliirty  feet. 

37,  The  Iguanoijon.* — Soon  after  my  first  discovery 
of  remains  of  large  vertebrated  animals  in  tlie  strata  of 
Til  gate  Forest,  some  teeth  oi'  a  very  remarkable  character 
particularly  engaged  my  attention,  from  their  dissimilarity 
to  any  that  had  previoualy  come  under  my  notice*  Even 
I  fie  quarry  men,  who  had  been  accustomed  to  ooUect  the 
teeth  of  fishcB  and  othtsr  relics  of  that  nature,  had  not 
observed  them,  until  shown  three  or  four  mutilated  speci- 
mens, which  I  had  extricated  fri^m  a  block  of  stone  on  th«f 
road -aide.  Attt^ntion  having  thus  been  directed  to  the 
subject,  additional  examplea  were  soon  discovered  ;  and  at 
length  1  obtained  a  scries  of  teeth  in  various  conditions, 
from  the  fiointed  unnBed  tooth  of  the  young  reptile  (Lifpt. 
102,^,  2),  to  the  obtuse,  worn,  flat  crown  of  the  adult 
{hign.  i04).  From  the  resemblance  in  the  form  of  the 
perfect  tooth  to  that  of  the  Iguana,f  a  terrestrial  lizard  of 

»  Medals  of  Creation,  toI.  ii,  p.  739,  Brit.  Aaaoc.  Beports  for  lS4h 
p.  120. 

+  The  tguaaaa  nro  load  lissard^,  which  inhahit  many  psrtA  d 
Amcrim  aad  the  Weut  Indiua,  and  are  mrety  met  with  aortli  or  sotilfa 
of  the  tropica.  They  am  from  three  to  five  feet  in  length*  ntid  fcod  flfi 
insecta  and  vegetubloR,  (^limbing  tx^^^  and  chipping  off  the  tender 
Hhoot'^.  They  aeatle  in  ilie  hollows  of  rockfti  and  depoait  lltelr  f^gt, 
which  aro  like  tho^  of  turtlus,  in  the  eaadi^  or  bankn  of  mors  Tbe 
Igaana  ia  farmehed  with  a.  row  of  very  atnall^  eloiiely-aet,  pointed 
teeth,  with  aerratcd  odgeB,  whitjh  have  no  diHtinct  alvooU  or  HK!k^Ut 
hut  are  attached  at  the  base,  and  by  the  o^xUit  surfaces  of  the  Buvg* 
to  the  jaw ;  tlie  alveolar  pro(!esw  fumis  Mi  external  i>arapet,  hut  llMfv 
j«  (10  internal  bony  covering.     The  new  teeth  do  not,  as  in  tht; 
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the  West  Indies,  I  proposed  the  name  of  Iguanoflon  (eigiji- 
fying  an  animal  wilh  teeth  like  the  Iguana),  for  the  extinct 
reptile  to  which  they  belonged,* 

The  numerous  bones  and  teeth  subsequently  exhomed 
from  the  strata  of  Tilgate  Forest,  Horsham,  Battle,  Hast- 
inga,  and  other  places  iu  Sussex,  and  in  the  Jale  of  Wight  ;t 
and  of  a  considerable  portion  of  the  skeleton  of  an  indi- 
vidual discovered  in  the  greens  and  of  Kent,  iiave  supplied 
the  data  upon  which  our  present  knowledge  of  the  characters 
of  the  original  is  based*  But  unfortunately  the  form  and 
atracture  of  the  skull  are  stiU  unknown  ;  and  of  the  jawSj 
a  fragment  retaining  the  fangs  of  a  few  teeth,  is  the  only 
recognizable  relic. 

38*  Teeth  of  tue  Iguajtodon.]:— The  first  specimen 
which  arrested  my  attention  was  a  portion  of  a  Wge  tooth 
which,  from  the  flat  surface  of  the  crown,  had  evidently 
belonged  to  a  herbivorous  animal ;  for  it  possessed  the 
prismatic  form  of  a  worn  incisor  of  one  of  the  large  pachy- 

dUe,  spring  up  in  tho  eentre  of  the  cadtieB  of  the  old|  and  ptwh 
tljrougb  ihtmij  but  arise  from  near  the  inner  imrt.  of  the  baee,  and  by 
pressure  occajjion  the  alx^orption  of  a  portion  of  the  fiing  of  the  old 
tooth}  wiijch  tiiey  ultiniat43ly  diapkcej  by  dcBtrojing  the  adhcaion  to 
the  dental  parapot.  The  teeth  of  the  Iguacta  tloscly  resemble  tha 
perfect  fossil  tooth,  {Lign.  JQ%fig.  2,)  in  form,  but  not  in  litmcture  or 
Hize  ;  those  of  the  rceent  lizard  scarcely  exceeding  in  magnitude  the 
teeth  of  the  common  mouse*  In  the  Iguami  the  crown  of  the  tooth 
I  never  preaentH  a  flat  surface  ■  it  is  broken  or  chipped  off  by  use,  hut 
not  ground  smooth  as  in  tbe  bcrbivor^.  The  reason  is  obvious ;  none 
of  the  existing  reptile?^  are  furnished  with  cheeks  or  movcrible  cover- 
ings to  their  jaws,  and  therefore  eannot  perform  mastication  ■  their 
food  or  prey  is  seized  by  the  tcGth  and  tonguci  and  swiil  lowed 
whole. 

*  See  my  memoir  ^'  On  the  imth  of  the  Ignaaodod,  a  fiewly  dh- 
eovored  fossil  herbivorous  reptile,  from  the  56rata  of  Tilgate  For^t," 

iWlofl.  Trana,  for  182o. 
t  Geology  of  the  If^Ic  of  Wight,  p.  ^12. 
t  Modalii  of  Crcatiofii  voL  ii.  p.  742. 
■ 
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Lici.  IT, 


df  i*m»,*  The  enamel  was  tliii-k  iri  iVorit  und  thin  behind, 
by  which  Rniiiii^emimt  u  tihiirp  cuUiugcdge  iiiust  have  twwii 
luamtained  in  every  tjtiigc  of  mah^     Thtsrts  wms  atj  fang,  but 


Li<:»t. 


TKKin  riF  iijic  IriUAidcimJw  i   fiicjM  TTtia4tA  Fosmti. 


Flf»  L  Thfl  tnmjtt  und  »,  the  oiirtr,  *«piict  uf  *  torrd)  wcrfn  rtm,  mid  tht  fiit( 

?,  Tooth  of  K  young  nntmal. 

4.  Outer,  and  A»  bni'r,  «LirfKa<t  «]f  h  toalli  of  ah  ftduH. 

Ji.  The  niirfiif<«  woni  tiy  iniuttleMtbn. 

p,  TliP  liidnitnlhjri  pfadueea  by  th*  pntiure  ef  (h«  nffw  t&Ath* 


■ 


*  Thin  Hpccimpn  wtt«  inlimlitod  to  the  examlnntioii  of  Ikrun  Cuvki 
by  my  IHeml  Mr,  LyulU  ab  ilmt  llm«  tn  Puritt;  luid  M.  Cavbr  pr>- 
nouriLTd  Lt  to  hu  tin  tiji[>tT  Liu^Uur  ot  ti  rhmot;Qroii ;  And  It  waa  nnt  till 
T  liiid  coUeotccS  ivti  onliro  ncsrleii  of  luotll  In  vtifioun  HUkm  of  rlulrtlltiai 
thut  tlio  correct tj^jHH  nf  my  oplriion  whr  iwliiiittoti,  oithor  m  to  Hit 
DAtiirD  of  the  foftHil,  or  tho  Kaoi0g!c«l  paaition  of  the  stratum  tn  which 
it  WAS  frvund.     Reft  OwwvftOft^  FahhUis^^ t^tu.  v.  ^>,  351, 
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the  base  was  indmted^  not  broken  oW;  proving  that  tbe 
shank  had  been  removed  by  absorption  from  the  pressure 
of  a  new  tooth,  which  had  grown  up,  and  caused  the  old 
one  to  be  thrown  off. 


Ltitir.  103.— TooTfn  of  tbk  I^itTANanirN  :   from  Tiloate  Fohx^t.  f^&t.  size.) 


FJg.  I.  Front  asp!?(;t,  showing  the  lonRfftudinaL  rldg«ai  and  denticulated  marpnaof 
the  cfowii :  (It  the  denticulated  mafglu  e  b^  apes  of  thif  erowti  partly  warn  by  Ui«  j 
Ct  transverse  fracture  of  the  tangt  exposing  a  section  of  the  medullary  cavity 
aocupi«d  bj  the  oEiiLQed  reniAinA  nf  the  pulp ;  dt  the  base  of  the  detitlcuJ&ted 
hocder. 

Fig.  S,  The  Innef  H«p««t  of  the  same. 

In  the  series  of  teeth  before  ub  {Ligns.  103, 1 03, 1 04)j  we  may  trace  ev^iy 
gradation  of  this  change ;  fi'om  the  pointed,  angular,  perfect  crown  and 
fang  {Lign.  102,  fig.  2), .  and  the  partially  worn  Bpccinicn  (f{i».  i,  5), 
to  the  mere  fitump  ifgs.  1,  3) :  in  which  thcfiummit  is  ground  flat,  and 
the  Bhank  entirely  absorbed  from  the  pressure  of  a  successional  tooth. 
The  perfect  i^ih.  of  the  Iguaaodon  are  difttiogniahcd  hj  their  prisma- 
tic frjrm  ;  the  presence  of  from  two  to  four  nr  five  ridges,  whieh  extend 
dOTiTi  the  front ;  and  the  denticulated  lateral  margins  of  the  crown 
{Lign.  103,  Jig.  6).  The  latter  appear  as  simple  serratiens  in  the 
figure,  Lign.  iw^^a  ;  hut.  when  viewed  Laterally  (Lign.  lQ'iiJwj»^^j,'6K^t 
r  found  to  eonjsilit  o/deiidi^iilatad  plaiei. 


t. 
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Thi'  lti'^clduouB  toaih  of  an  adult  Igua&oiJOQ,  with  the  crown  IH 

[Uid  tliti  tkiig  ivbsorJMjd,  ih  well  oxempUficd  iu  this  HpCHsimfjn  (Lvjit. 

104)  from  the  UIo  iif  Wiglit ;  in  which  Iho  crown  Is  worn  down  jdincut 

to  the  neck ;  the  Berief^  of  dentieulnted  plAt<!»  hs,Yiug  outiroly  ditip- 

pcared.     In  tliia  rcHpect  the  IguStnodon  difibrft  from  all  known  Uvinj 

ur  iixtinci  lIxardH  ;  for  all  othor  herbivorous 

rcptiloB  chip  off  and  ts wallow  iheir  food  wliolu , 

thu  i^onBtruGtion  of  their  JawH  not  jMlmlttins; 

of  a  grinding:  motion,    ft  in  thcreTote  ohnoui, 

not  only  that  tho  Iguanodon  fed  on  Tcgctfthl«i» 

lint  that  it  wuA  cnpaUlc    of   moaticaCinier  it8 

foiKl  iike  the  homj    imtl  oUuar  hcrbivufvjitft 

pmmuiii.liu  :   whilu  the  ilMorptioti  of  tht?  hw^ 

nhovf^  that  a  (;ontitant  f^uooouion  of  teeth  toot 

place  at  all  periods  of  iho  animal 'b  ojcist^jru'^, 

tift  h  the  cam  in  many  other  reptile**    Tbii 

toothy  when  examined  microBCoplcaUyj  cxhibiU 

a  eorreMpondin^^  internal  Btructui^ ;  iha  UtOLli- 

ivory  or  dentine  being  of  a  flofter  and  co&ner 

texture  tlmn  in  other  reptiles,  and  reflemhliitg 

that  of  the  great  TOget^hle  fiseden^  of  the  slulfa 

Lids.  lui.— TooTu  (j^  AH  tribe  («»^,  p,  1B7).''*  Theso  dental  infttnnnunt* 

IcitiANomut!  frmn  Bntttk  tnuHt  therefore  Imvobecu  admirably  odaptfldptD 

Jtug,  hie  oj  Wi^iiL  {NiiL  every  Hijige,  for  the  laeemtion  and  comminution 

'  "'■^  of  the  tough  vegetable  BubHtaoooH,  which  tlujre 

can  bo  no  douht  couititutod  the  chief  food  of  thb  colossal  quadnipcd 

A  jportion  of  tlie  low€r  jaw  of  a  young  IgiummJon,  with 
the  fangB  of  fift'Ben  teutb,  closely  and  evcntly  a  Lit,  in  a  n?g«- 
hir  aeries,  and  imbeddtid  laterally  in  grooves  i^f  the  dentftry 
bone,  and  with  germs  of  Bneeessinnal  tetitb  ut  the  ba^tj  of 
the  old  oite,  indicate  a  cIohq  analogy  to  the  arrangement  ttf 
the  teeth  in  the  reeent  Iguana,  but  with  this  differeuce, 
that  in  the  living  kind  there  are  no  sockets;  the  t«etli 
being  attached  laterally  to  a  parapet  of  the  ilental  bone ; 
while  J  in  the  Iguunodon,  the  smooth  surface  and  ixuntod 
termtnation  of  gome  of  the  fangs,  indicate,  an  implantalioa 
ij)  djstinet  alveoli. f 

«  Medalttof  Crmitimi,  vol.  i.  1*1  W.fy,  4. 

\  l*hilof*ophit'al  TranHaytionM  for  184 L  Vl  V.  .,%.  1 ;  and  PL  Vll 

A>.  U2f  pi  at 


i  as.  THE  MAIDSTONE  IGUAJTODON. 

39,  The  Maidstone  IciLiANoDoy,  Plate  IH, — From 
the  gigantic  size  of  tlie  fossil  teeth,  as  conipared  with  those 
of  recent  lizard;^,  I  was  led  to  conclude  that  many  of  the 
colossal  bt>nes,  collected  from  time  to  time  in  Tilgate 
Forest,  belonged  to  the  same  kind  of  reptile ;  Eind  by  com- 
paring the  bones  with  those  of  an  Iguana,  (presented 
to  me  by  Baron  Cuvierj)  I  at  length  succeeded  in  deter- 
mining many  parts  of  the  skeleton,  and  was  enabled  to 
rei3tore,  as  it  wei'e,  the  form  of  the  Iguanodon,  and  ascer- 
tain ita  proportions:*  the  correctness  of  my  deductions 
was  shortly  to  be  put  to  the  test,  by  a  discovery  in  a 
neighbouring  county. 

In  May,  1834,  some  workmen  employed  in  a  stone- 
quarry,  in  the  occupation  of  Mr,  W.  H.  Bensted,  of  Maid- 
stone, obBerved  in  a  mass  of  rock  which  they  had  blasted, 
several  portions  of  what  they  supposed  to  be  petrified 
wood  ;  they  preserved  the  largest  piece  for  the  inspection  of 
the  proprietor  of  the  quarry,  who,  perceiving  that  it  was  a 
portion  of  bone  belonging  to  some  gigantic  animal,  gave 
directions  that  e\(tfj  fragment  should  be  collected,  and 
succeeded  in  obtaining  those  pieces,  which^  when  united 
and  completely  developed,  formed  the  highly  interesting 
fossil  here  delineated,  {PL  III.)t* 

^"  *  In  sUtiug^  ihat  theiie  was  a  general  resemblsmcc  between  the  teeth 
and  bonea  of  the  Iguanodon  and  tho&e  of  the  Iguana,  it  was  never 
intended  to  affirm,  that  any  dose  analogy  existed  ■  still  Icsi  to  aaaert^ 
as  flome  writers  have  supposed,  that  the  living  Iguana  is  a  miniature 
repreacnUttve  of  the  colossal  reptile  of  the  wcalden. 

f  The  rock  was  shattered  to  fmgments  by  tbe  esplosion,  and  the 
bonei;  were  bniken  into  a  thousand  pieces :  but  after  much  labour  I 
Hucceeded  in  uniting  tha  several  blocks  of  stone^and  ultiiiiatoly  cleared 
and  repairtijd  the  bones,  and  njstored  the  epecimen  to  its  present  state. 
It  ifi  placed  under  a  large  gbiBS  frame,  in  tbe  palfl&ontological  gallery 
ijf  the  British  Muficum.  The  circular  hole  seen  near  the  centre  of  the 
fosail,  waB  made  to  iatrodnco  the  eharge  of  powder  for  blaatLog  the 
rock* 
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This  sped  men  consists  of  n  eonsirtt?mb!e  number  of  the 
bones  ofthn  infrrior  portion  of  tlie  skeb^toii  afun  ri<inlt,  hul 
not  Hj^i'tl,  iiv<lividiml>  Tin?  bijnesarcimbc^dUt'fi  in  thv  MtomMn 
fi  wry  i*ciiift»Hrd  miumcr  ;  few  of  tln^rn  Jyiii^  in  thvlr  irattjraJ 
onlor  of  jaxtftpOHition,  and  all  bf^ing  more  or  U*h«  riiitt+sned 
imd  dittlorted.  The  ibllowing  are  tbfi  most  iinportMnt^  wad 
the  be*t  prt*s<*rvt*d  i  but  tlif*rf^  un*  nurnvroim  fragmentiK  too 
101  perfect  to  ad m  1 1  of  d e te ni i i n at i  on > 

Two  thigh ^oH0Si  f-meh  3U  hicUci*  lonj^.     PMl<r  Ill./y*,  1,2. 

Uo«  tfij'lionr  [titna),  m  incliOH  long.     /'V*/.  3. 

Mttatarsfit  und  phatamjcal  Uuodii  of  iiio  tUnd  feet ;  them  Biti(^ 

roBcmtilo  the  eurr^Apondlng  bone^  of  the  hippi^ptjlAinus^    Fi$*^ 

4,  4,  4. 
A  cfawhoiif  {umjueal  hoai^),  whlah  WM  originally  earerod  by  i 

htirtiy  invefitment ;  li  rc^tiotiihU:^  tlia  carraapundlug  bone  of  i 

livml  roriorHij.    Fifj.5, 
Two  ntetamrptjt  bau««(  of  the  fbre  fe«t|  ea^jh  14  Incheii  In  lengtli. 

Fui.  (]. 
\  inio  oniie  rorfl-iii'm.     ^%.  7, 

Si^i  I  .    jvnd  rttuiiiit  tHrkhfr  (bonui  of  iho  apltie  and  ttilV 

/'(f^^.  S»  a,  8. 
Fragmcntu  of  f*cvtiml  rlUi.     Fi'git.  9,  &,  9, 
Two  dtmdrit,  i>r  collnr  bones,  each  U8  iticUea  lu  long^li,  reHcmblifig 

ilit?  botw  fig^imul  r!ak  lY.Jffs.  1,  2,  OiioUigy  of  the  South- EmI 

of  Ktigh&tiii.    Thenti  bones  are  of  a  wry  uhigtilur  form,  iad 

dlflbr  QftflontiiiUy  from  mj  known  ckviclw.    Figs.  10,  10. 
Two  large  Ml  liatcliol-^iibaped  boiioii,   whbb  Wlong  to  the  pelvk 

(iNfif  hones),    Fiffs.  11,  11, 
A  chnyf^mhimr.,  or  inferior  uplnoua  proooM  of  *  vortubm  of  the  till 

AV/,  12. 
A  portion  of  a  iooth,  BOid  the  imitreaiskm  orjiiiothtic— Tbo  prowrvt 

ttou  ot  those  relicfi  wnn  moat  fort»injitL%  an  tho  ideutuy  of  the 

mluml   with   ihu  Itnmnmion  of  Ttlgato  Ihrml  k    thtrtbi 

pompktoly  enUbliiihtid, 

'IKo  goologienl  position  of  tbia  specmHm  hntiB  an  fxctfp* 
lion  f  o  w  hitt  lias  been  previously  reinarlsf^d  of  the  remain  a  of 
tlu'  l^ruiuKHlitu  frciiu  ilw.  AVenlden  ;  for  wbih*  in  the  latter 
the  honrii  iirt^  iif*!Hooint<*rl  with  terrejitriid  and  (hiyiatlle  lyt- 
uvm  only,  the  Mmvl^lvmo  Co^^^V  >\'ft.'^  \n\bodded  in  ti  itiarinft 


TlRTEBR^  OF  THE  TGtTAKODO!?, 

;  deposit.*  This  discrepancy,  however,  does  not  aflect  thft 
I  arguments  previously  advaneed^  as  to  the  fiuviatile  origin 
of  the  strata  of  the  Wealden  ;  it  merely  shows  that  part  of 
the  delta  had  suhsided,  and  was  covered  by  the  chalk  ocean, 
whilsfc  the  country  of  the  Iguanodon  was  still  in  existence  ; 
and  that  the  body  of  one  of  these  reptiles  was  drifted  far 
out  to  sea,  and  sunk  down  in  the  depths  of  the  ocean  i  in 
like  mannerj  as  at  tlie  present  day,  hones  of  land  quadrupeds 
may  not  only  be  engulfed  in  the  dt^ltas  of  rivers,  but  also  in 
marine  deposits  far  from  land. 

This  specimen  proves  that  the  separate  bones  found  in  the 
strata  of  Tilgate  Forest^  and  which  1  had  assigned  to  the 
Iguanodon,  solely  from  analogy,  have  been  correctly  ap- 
propriated. 

40.  YKETEBit®  OF  THE  loUAKODON.^The  peculiarities 
m  the  vertebral  column  of  the  Iguimodun  are  pointed  out 
in  the  Medals  of  Creation,|  and  anatomical  details  would 
here  be  irrelevant ;  a  few  particulars  must,  however,  be 
noticed.  The  transverse  processes  of  tlie  dorsal  and  lumbar 
vertebroa  are  very  long  and  straight,  indicating  a  consider- 
able expanse  of  the  abdominal  cavity,  suitable  for  the  capa- 
cious viscera  of  a  herbivorous  quadruped.  In  the  caudal 
Tertebne,  both  the  spinous  processes  {Lif^n*  105,  «,  «,)  and 

•  The  Btone  in  which  the  bonefi  are  imbedded  la  of  that  hard  variety 
of  the  grty,  arenaeeoui  limestone,  called  Kenlinh  rmf,  which  ih  muah 
emplDjed  in  various  parts  of  Kent,  and  in  the  west  of  Snstsoir,  for 
building,  and  for  repairing  the  road**.  U  aliotinclB  in  the  marine  abclla 
which  aro  cbaractcriBtic  of  that  diTigion  of  the  chalk  formation.  In 
bbe  quarry  in  which  the  remains  of  lh<j  Igaatiodon  were  founds  there 
have  been  discovered  wood  perforateil  by  lithodojnij  or  boring"  shells  ; 
impre^aioaB  of  leaves  and  &tepjs  of  trees,  with  trigonirF,  ammonitas, 
nautili,  &c*;  conical  utrist^d  teeth  of  the  marine  reptile  called 
Poljptjchmlon  {aide,  p.  354),  some  of  which  arc  two  inches  in  diameter 
atthabaBe^  ecalcE*  and  teeth  of  sqtialoid  iii*he8,  and  maxillary  bonea 
Cff  the  Chimfera  or  Endaphodon  of  Sir  P.  M.  Egcrton,  MoHuskite 
ftbounds  in  the»e  strata. 

i  Vol.  ii.  p.  745. 
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the  chem'trn  bones,  (b,  h,)  are  of  great  length  ;  the  hm 
have  their  haees  sa  blended  as  to  fortn  but  one  face  for 
artieuktion  with  the  truncated  inferior  angles  of  the  Wt 


^?^ 


A^  0^  Spin&tit  pfoce^ei^  Ofteen  iDchea  hi^h.    6.  A,  Ch^w^n  bomiit,  Imbedded  in  ike 
itone  near  their  orlgliiR]  articnJiiitioii  between  two  of  the  venebrK, 

of  the  vertebrse,  leaving  a  vertical  aod  elongated  ehanncl^ 
for  the  passage  of  the  large  blood  vessels  of  the  tail  Tbe 
proportions  of  these  elements  of  the  eaudal  vertebne  indi* 
cate  a  great  vertical  development  of  the  taiL  In  the  beaa- 
tiful  specimen  before  us  (Li^n,  105)  of  six  united  eaudiJ 
vertebrae,  imbedded  in  a  block  of  Til  gate  grit,  with  both 
the  upper  and  inferior  spinous  proeeases  displajed,  Iheie 
characters  are  strikingly  obvious.  The  width,  or  ralb^ 
height,  of  that  portion  of  the  tail  to  which  these  bone^ 
belonged,  mint  \iave  \ie^^  at\fti^.%'t  t^^Ti.t^-^^en  inehes. 
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Mom  of  the  I^iuinodon.  The  Iguanaa  are  distinguiBhed 
aong  the  lacertian  reptiles,  for  thiiir  exuberant  dermal 
:>peiidages.  Some  have  serrated  processes  or  spinea  on 
le  back ;  otliera  on  the  tail ;  while  manj  have  conical 
rarts  or  horny  protuberances  on  the  head  and  snoot, 
of  which  the  Iguana  cornuta  is  a  remarkable  example.* 
foasil  posst^^ing  the  form  and  structure  of  these 
sal  tubercles,  was  found,  many 
^ears  since,  in  the  grit  of  Tilgate 
'Forest  ;t  another  specimen,  about 
one- third  the  size,  has  also  been 
discovered.  It  is  coinpf>sed  of  bone, 
and  has  that  singular  disposition  of 
the  osseous  fibres  that  prevails  in 
the  dermal  bones  of  certain  reptiles* 
Its  surface  shows  the  impressions  of 
the  vessels  of  the  integunient  by 
which  it  was  originally  covered. 
It  is  four  inchea  high  ;  and  the 
base,  which  is  of  an  irregular  ellip- 
tical form,  is  3.2  inches  by  2.L 
Though  there  is  no  evidence  to  prove  that  this  process 
belonged  to  the  Iguanodon,  there  can  be  no  doubt  of  its 
being  a  horn,  or  nasal  tubercle,  of  one  of  the  large  reptiles 
with  whose  bones  it  was  found  collocated,  It  may  possibly 
be  referable  to  the  Hylffiosaunis,  in  which  the  dermal  appen- 
dages appear  to  have  been  enormously  developed  ;  but  in  the 
absence  of  all  proof,  and  from  the  close  resemblance  which 
the  fossU  bears  to  the  horn  on  the  snout  of  the  Iguana 
cornuta,  we  would  provisionally  refer  it  to  the  Iguanodon. 
4L  Feitdr,  &c,  of  the  Iguakodon, — Several  specimens 
of  the  femur  or  thigh-bont^  of  the  bones  of  the  hind  legs, 
ai»d  of  the  metatarsal,  phalangeal,  and  ungueal  bones,  have 

•  Sise  PhUoH,  Trans,  for  1841,  PI.  IX. fig.  3. 

♦  It  ia  figur<Ml  in  FosfeUa  of  Tilgate  Foi^ls^X.X^k.f^.^. 
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been  obtained  from  various  localitiaf  of  the  Wealden-  Tlw 
first  fragment  of  a  tkigli-bone  that  camtj  under  mj  notie^ 
was  a  portion  of  the  middle  part  of  tJie  simft,  which  is  of  a 
quadrangular  form  ;  and  this  was  ^o  lai-ge,  9bapcle,^s,  aod 
unintdligibln,  tluit  many  jears  elupsed  before  I  obtained 
any  clue  as  to  its  real  nature.*  The  to«-hones  presented  m 
little  correspondence  with  those  of  reptiles,  and  sucia  i 
similitude  to  tljc  metatarsals  of  the  large  pachyderms,  as  for 
example  those  of  the  ITippopotamus,  that  it  was  long  ere 
their  true  afhnitiea  could  be  determined,  f 

To  convey  an  idea  of  the  enormous  size  which  aome  indi-  ; 
viduals  must  have  attain ed,  I  may  state  that  one  perfect 
thigh-bone  is  three  feet  eight  Jnehes  long,  and  thirty *ii re 
inches  in  circumference  at  the  condyles,  and  that  mtm 
fragments  indicate  a  greater  mugniturle.  A  leg-bone  or  tibii, 
of  which  I  have  a  large  portion,  must  Lave  been  four  feel 
long  ;  the  corresponding  tliigh-bone  would  be  afoot  longer ; 
the  entire  length  of  the  limb  must  therefore  have  exceeded 
nine  feet!  These  bones  occur  of  very  different  ftizeii 
I  have  a  femur  only  five  inches  long,  and  other  bones,  tbftl 
must  have  belonged  to  very  young  reptiles. 

TLo  femur  uf  the  Iguanodon  Is  remarkable  from  the  combinAtioa 
of  taommaUaa  cbaractura  which  it  presents,  in  ita  well-marked  hmi 
and  neck  J  trochantera,  condyles,  and  med  u  I  kiy  cavity.  The  head  (Lim 
107,  /,)  is  hi^mifipUerical,  and  projeeta  inwards;  and  ^  laienHj 
flatt-tined  process  or  trcjehanter  (a)  forma  an  eitemad  bnttrefli  of 
hoQudary  of  the  neck  of  the  lione,  from  which  it  h  neparmted  h|  i 
deep,  narrow,  vcrtieal  fiaBure.  The  ehafl  of  the  bono  la  iabqutdiutt 
galar  J  n  slightly  elevated  ridge,  produced  by  the  nnion  of  two  biwl, 
flat,    longitudinal  f*urfaceH,  indienting  the  attachment  of  pow^rfW 


•  ThiB  fragmcDt  h  figured  in  Fofr,n.  Tiig.  Forest,  PL  X  VIM. 

+  Baron  Cuvier,  with  ilmi  noble  candour  for  which  he  wi»  li 
eminently  difttiiigulahed  ufl  for  his  tranieen  dent  gen  ins,  wrote  to  meii 
follows  ;— "  Lofl  fragmena  d'os  du  mfitucarpe  ou  dn  m<Siatanie»  loiit  *i 
groH,  qu'ati  premier  coup  d  «il  je  k«  avaia  prin  pour  eenx  d'lin  ffimnd 
Htppopotanie," 
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tnuacles^  extendi  down  the  middle  of  the  anterior  fecej  and  diTer^^Sng 
towards  the  inner  condyle,  grad  uaUy  di  sappewe.  The  shaft  tcnnin^tes 
below  ia  two  latgey  jMunded^  and  latemlly- 
compresacd  condyka  (c,  tJ)^  which  are  Bepa-  fi 
rated  m  front  and  behind  by  a  deep  grooTe 
ie),  Kear  the  middle  of  the  shaft,  the 
mefiial,  or  inner  edge,  forma  a  coinpre&eed 
ridgCp  which  expirndB  into  an  angular  pro- 
jection, or  trochanter  (5).  Thus  the  upper 
part  of  the  femnr  m^y  be  known  bj  the 
pre&ence  of  the  npper  trochanter  (a) ;  and 
if  that  process  ig  broken  away^  the  frac- 
tured  surface  indicating  its  position  will  be 
detected.  If  a  fragment  of  the  middle  part 
of  the  shaft  only  in  founds  the  flattened 
angular  spaceB^  and  the  eabmedian  tro- 
chanter  {h}j  or  the  mark  of  its  attachment^ 
will  identify  it.  The  lower  extremitj  of 
the  femur  may  be  diBtinguished  by  the 
deep  groove  (e)  between  the  eondylcfi,  botb 
in  front  and  bebmd.  The  medullary  cavity 
i&  rery  large* 

42,   Peobable    foem   aptd   size 
OF  THE  iGUANODON. — From  nume- 
rous detached  bones  that  have  been 
collected  from  various  localities  of 
the  WealdeOj  and  with  the  aid  of  the 
few  specimens  in  which  several  are 
collocated  in  the  same  block  of  stone  j 
the  size  and  proportions  of  the  body 
and  limbs  of  the  Iguanodon  have 
been  determined  ;  yet  hut  a  vague 
idea  of  the  form  and  appearance  of 
the  original  animal  can  be  dm«d  ^'rJir^iSj;!  }^„^^Z 
from  the  relics  hitherto  discovered.     ^^^^' 
For  the  greut  discrepancy  between  ^'^''"'^'^^^^^^^^^^ 
the   known    parts  of  the  skeleton,   vM?dSe  trochadier. 

J    .,  ^^   ^j*        I.  *      au       f,  Inaerj  d,  0 titer  condyle. 

and  ttke  coirespondjng  trones  m  the  e,G™»ebPtifMiiUiepondyiw. 
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largest  existing  saurians,  renders  it  vain  to  attempt  the  re- 
storation of  the  form  of  this  colossal  reptile,  till  the  skull, 
jaws,  &c.  are  known.  In  all  probability  the  entire  or  a 
considerable  portion  of  the  skeleton  of  a  joung  Iguanodon, 
will  sooner  or  later  be  brought  to  light,  and  yield  the 
information  necessary  to  enable  the  palaeontologist  to  re- 
construct the  skeleton,  and  delineate  the  physiognomy 
of  the  living  original. 

In  the  present  state  of  our  knowledge  we  may,  however, 
safely  infer,  that  the  body  of  the  Iguanodon  was  equal 
in  magnitude  to  that  of  the  Elephant,  and  as  massive  in  its 
proportions  ;  for,  being  a  vegetable  feeder,  a  large  develop- 
ment of  the  abdominal  region  may  be  inferred.  Its  limbs 
must  have  been  of  a  proportionate  size  to  sustain  so  enor- 
mous a  bulk ;  one  of  the  thigh-bones  (in  the  British  Museum), 
if  covered  with  muscles  and  integuments  of  suitable  propor- 
tions, would  form  a  limb  seven  feet  in  circumference.  The 
hinder  extremities,  in  all  probability,  presented  the  unwieldy 
contour  of  those  of  the  hippopotamus  or  rhinoceros,  and 
were  supported  by  very  strong  short  feet,  the  toes  of 
which  were  armed  with  claws  like  those  of  certain  tur- 
tles. The  fore-legs  appear  to  have  been  less  bulky,  and 
were  furnished  with  hooked  claws  resembling  the  ungueal 
phalanges  of  the  Iguana.  The  teeth  demonstrate  the 
nature  of  the  food  required  for  the  support  of  this  herbivo- 
rous reptile,  and  the  power  of  mastication  it  enjoyed  ;  and 
the  ferns,  cycadeous  plants,  and  coniferous  trees,  with 
which  its  remains  are  associated,  indicate  the  flora  adapted 
for  its  sustenance.  But  the  physiognomy  of  this  creature, 
from  the  peculiar  modification  of  the  skull  and  jaws,  re- 
quired for  the  attachment  and  support  of  the  powerful 
muscles  necessary  for  the  trituration  of  tough  vegetable  | 
substances,  must  have  differed  entirely  from  that  of  all 
known  saurians. 

The  length  of  the  Iguanodon  has  been  variously  estimated ; 
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the  difference  in  the  computation  depending  chiefly  on  the 
extent  assigned  to  the  tail,  which  in  the  Iguana  and  many 
other  lizards  is  much  longer  than  the  body.  If  the  tail  of 
the  fossil  reptile  was  slender,  and  of  the  same  relative  pro- 
portions as  in  the  Iguana,  the  largest  individual  would  be 
fifty  or  sixty  feet  long  ;  but  it  is  more  probable,  and  in  fact 
almost  certain,  from  the  shortness  of  the  bodies  of  the  caudal 
vertebrae,  that  the  tail  was  short,  and  flattened  in  a  vertical 
direction,  as  in  certain  living  reptiles — for  example,  the 
Doryphorus  ;  in  that  case,  the  length  of  a  full-grown  Tguan- 
odon  would  but  little  exceed  thirty  feet.* 

From  what  has  been  advanced  we  may  conclude,  that  the 
Iguanodon  was  a  gigantic  but  inoffensive  herbivorous 
reptile,  which  lived  on  the  ferns,  cycadeas,  and  coniferae, 
that  constituted  the  flora  of  the  country  of  the  Wealden,  of 
which  it  appears  to  have  been  the  principal  inhabitant. 

43.  The  Hyl-eosaurus,  or  Wealden  Lizard;  Plate  IV. 
— This  is  another  reptile  of  the  Wealden,  possessing  the 
same  remarkable  construction  of  the  sacrum  as  the  Iguan- 
odon, and  which  I  have  distinguished  by  a  name  indica- 
tive of  the  geological  formation  in  which  its  remains  occur. 
The  first  and  most  important  specimen  of  the  Hylaeosaurus 
was  discovered  in  the  summer  of  1832,  under  the  following 
circumstances. 

Upon  visiting  a  quarry  in  Tilgate  Forest,  which  had 
yielded  many  organic  remains,  I  perceived  in  some  frag- 
ments of  a  large  mass  of  calciferous  grit,  which  had  recently 
been  broken  up  and  thrown  on  the  road-side,  traces  of 
numerous  pieces  of  bones.  I  therefore  collected  all  the. 
recognizable  portions  of  the  block,  and  had  them  conveyed 
to  my  residence.  Having  cemented  the  fragments  together, 
and  chiselled  off  the  stone  in  which  the  bones  were  im- 
bedded, so  far  as  their  brittle  state  would  admit,  I  succeeded, 
after  much  labour,  in  developing  a  considerable  portion  of 

*  Medals  of  Creation,  p.  751. 
F  P  2 
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the  skeleton  of  a  reptile^  in  wbich  iire  blended  the  osteologv- 
cal  charflcters  of  the  crocodiles  with  those  of  the  Ikards. 

The  vertehne  of  the  neck  {PL  IV,  2\  several  of  the 
back  (3,  3),  many  ribs  (4,  4),  the  two  coimcoid  bones 
(7,  7),  and  scapulaf^  (8,  8),  remain  not  far  removetl  from 
their  natural  order  of  juxtaposition.  There  are  also  seveml 
dermal  or  skin  bones,  whicb  supported  the  thick  scales  or 
scutes ;  of  these  the  most  extraordinary  are  certain  laj^ 
angular  bones  (5,  5,  6,  6),  which  lie  in  the  direction  of  the 
vertebral  column,  and  appear  to  have  extended  along  llif 
back,  like  the  horny  serrated  fringe  in  the  Iguana.  Manj 
other  existing  lizards  have  appendages  of  thlB  kiud^  which 


4^  rKtmi  Literd,  aUied  to  (he  Igttaaa.    Dr.  Harlan.^* 

in  some  genera  are  largely  developed  ;  as  for  example  in  the 
Gtfdura  (Lign.  108 ),t 

There  are  several  detached  bones  dispersed  in  the  block 

*  Medical  and  Physical  Ecfiearchei,  by  R.  Harlan,  M.D.  F,QS 
8vo.  Philadelphia,  18S6. 

t  ProfeBsor  Owen  doubts  the  correctneBa  of  this  interpretation,  t^^ 
is  disposed  to  regard  these  angular  spiti^  ^  abdominal  rihii  Hf 
particularly  dwells  oa  the  unBymmetrical  form  of  aome  of  theiie  bodiA 
hut  which  appears  to  me  to  have  aj-iaen  from  comprcsBioa  The  olker 
objections  are  nofc  more  valid  ;  and  as  it  la  now  aecertamed  that  iht 
internal  structure  of  theao  spines  m  identical  with  that  peculiar  modi- 
fication  known  on3y  in  the  true  dermal  bonea,  the  evi  dunce  is  in  h^m^ 
of  this  view  of  the  fiubiect. 


THE  HTUEOiAUHUe. 

of  atone  ;  numerous  vegetable  remaina,  and  carpolithes,  or 
seed-Tessela  of  the  Clathraria  (antei  p,  399),  were  detected 
in  reducing  the  size  of  the  mass** 

I  subsequently  obtained  many  bones  of  this  reptile  from 
a  bed  of  clay  near  Crawley ;  and  a  most  interesting  specimen 
of  part  of  the  vertebral  column,  comprising  nearly  thirty 
dorsal  and  caudal  vertebra*,  with  many  dermal  bones  and 
spines,  ribs,  Sec. 

Dernml  bonen  and  spines,  f  The  structure  of  the  dermal 
bones  is  very  peculiar,  and  closely  resembles  that  of  the 
ligamentous  fibres  of  tiie  corium^  or  skin,  and  seems  to  have 
resulted  from  an  ossified  condition  of  the  dermal  iut*^gu- 
ment-J  Upon  inspecting  the  surface  exposed  by  a  trans- 
verse fracture  of  the  oval  scutes,  minute  osseous  spiculse, 
decussating  each  other  at  right  angles^  are  visible  to  the 
naked  eye ;  and  under  the  microscope,  the  same  arrange- 
ment is  found  to  prevail  in  the  minutest  bony  fibres ;  the 
medullary  canals  have  fine  lines  radiating  from  them. 

I  Lave  very  lately  been  able  to  ascertain  that  the  same 
internal  structure  characterizes  the  spinous  bones  {Piate 
IV*  5,  6) ;  and  this  fact  tends  to  confirm  my  opinion,  that 
they  are  also  ossified  dennal  processes,  which  formed  a 
long! tti din al  crest  along  the  back  of  the  animal.  § 

•  For  further  particulaurs  iee  mj  Geology  of  the  Sonth-Eaat  of  Eng- 
IttJtdj  p.  316.  PI.  y.  of  that  work  id  bji  excellent  lithograph  of  this 
Bpeeimcn,  by  Mr,  Pollard,  of  Brighton. 

f  Medaljs  of  Creation,  vol.  ii,  p.  704, 

J  See  my  Memoir  on  the  FobbH  Reptiles  dlBcoyered  in  Tilgate 
FoT^t,  Pbilofl.  Trans,  for  18il. 

I  The  following  aro  Professor  Owen's  remarki  on  the  dennal  scutes : — 

"  By  the  kindness  of  Dr.  Muntoll  I  have  be^n  favoured  wHh  the 
means  of  BubmittLng  the  strnqtore  of  a  dermal  scute  to  taicroacopical 
eiamitmtioti.  The  mcdulkry  canals,  which  ore  stained  hrown,  as  if 
with  the  hcsmatoaine  of  the  old  reptile,  differ  from  thoso  of  ordinary 
bouc:,  in  the  paucity  or  absenco  of  concentric  layers.  They  arc  situ- 
ated ill  the  interspaces  of  straight,  opaque,  deeus^ted  filaments,  which 
frequently  eeem  to  bo  cut  short  off,  dofifi  Ui  Uvq  m^ft^x^^Ti  ^sizce&a^ 
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The  Hjliisosauru»  wtis  probably  a  terrestrial  herbivi>ru«k| 
rciplik,  between  tw<^iJtj  aud  thirty  IWt  in   It^ngth, 
modification  of  form  in  the  bone*  <*on»p 
js^  the  sternal  arch—in  which   a  coracoitl  of  ' 

JWL  laeertian  type  is  united  with,  a  scapula  III*  j 
Hi,  I  *1^***  '^''  *^'*^  trorodiles — together  with  oUj(^r<ii- 
■■■  teologifal  peculiarities  and  Um  largely  ilrvo  | 
^^M  loped  dermal  processea,  all  combine  to  poinl  I 
^^M  out  the  original  m  a  most  extraordinary  type  of  | 
^^^        reptiiinn  organization. 

^m  As  no  portion  of  the  jaw  hm  been  fuunti,  tbo 

HH        characters  of  tha  dental  organs  are  tmknown ; 
^•^        hut  I  have  long  considered  the  teeth  before  qi 
Uqh.  m.     {^ifpt^  109)  aft  probably  refer  able  to  the  llylffio- 
tiMitii  ar  tHE  flaiiruap  They  are  generally  from  one  inch  lo  mir 
HYL*<i*.«.ii;«r  1^^^  ^^  j^^i^  j^^^^  1^^^^  ^j^jj  ^  cylindrii  al  nlmf4, 

Fwfl^X  iiw/wra"^*  whicli  enlarges  into  an  obtuse,  lanceolate  crown. 
***"'  convex  in  front,  and  depressed    hehiml  j  ihi" 

margins  of  the  crown  ^n^e  in  variably  worn,  aa  if  by  urn' 
the  interual  structure  consists  of  firm  dentine,  with  ei- 
tremely  minute  tubes  radiating  from  the  centre  to  iHe 
periphery  of  the  tooth,  which  has  a  thick  coat  of  enamel* 
44*  Pterodactyles  of  the  Wealden. — In  the  Weah 
denj  numerous  fragments  of  bones,  which  from  their  U*nxilVf 

Veiy  fiao  liaos  may  be  obHcn'ed  in  radiate  from  Aomo  of  the  mdioJ 
iMy  cwmlB ;  Irrcffularjy  Khaped^  oblong,  and  anguliir  radUted  «olk 
tirti  iK»itered  throuf^li  mml  partn  of  tko  n^KDomi  ti6«fuc,  bat  they  prwefil 
leii  anlformitj  of  mm  th&n  tlo  tho  PurkmjI&a  cells  in  oidiaaiy  boBt* 
The  moiit  Rtriking  clmractorUtlcd  of  tlio  dennttl  bono,  i^  Ui«  \m§t 
itraiglii,  »picular  fibres  wbii;h  tmrcrt^c  it,  and  de^aisate  ttoh  ollhif  It 
all  dirociloHHr  ftiproH(3nting,  m  it  itcoms,  the  oaaiftod  Ugamentoas  tbm 
of  tho  original  connm.**~-Bniuh  AsaociatioH  ReporU,  for  IU}> 
p.  115.  l^iH  deBorlption  will  equally  appl^'  lo  thu  interttxl  BtmciiBf 
of  tho  dorsal  ppines;  but  the  latter  hiui  not  yet  beca  sMjn  hy  IWa 
Owen,  R»  I  have  but  vcrj'  rceentLj  obtainod  a  jfpcHnmmi  for  mier 
ftji]:^mi  nation. 
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muBt  have  belonged  to  animaL^  capable  of  flight,  haTe  been 
obtained  from  various  localities.  Several  arc  figured  ia 
joy  Foflsils  of  Tilgate  Forest*  Tbe  intperfect  state  of 
the  apecimens  renders  it  extremely  difficult  to  determine 

whether  any  of  these  bones  belongs  to  a  higher  order  of 
animala  than  reptiles^ — wbetherj  in  fact,  some  of  them  are 
not  referable  to  birds.  The  solution  of  this  problem  has 
long  been  attempted  by  a  rigorons  examinatioii  of  eveiy 
Bpecimen  ;  and  but  a  short  time  since 
it  was  supposed  that  unqiiestionable 
relics  of  birds  were  among  the  foasiJs 
which  I  had  obtained  from  the  strata 
of  Tilgate  Forest ;  and  a  supposed 
tarso-metatarsal  bone  of  a  Wader  was 
regaxded  as  affording  unequivoc^  evi- 
dence on  this  point.*  Recently,  how- 
ever, the  quciition  has  been  reduced 
to  its  former  state  j  for  tbe  presumed 
tarso-metatar.'?al  bone,  proves  to  be  a 
hmmrm  or  arm -bone  j  and,  as  Pro- 
fessor Owen  now  believes,  of  an  un- 
doubted Pterodactyle  ;  an  opinion 
which  Mr.  Bowerbank  states  is  Q\?n- 
firmed  by  the  microscopical  examina- 
tion of  its  internal  structure.  Be  this 
as  it  may,  we  may  safely  infer  that  *''7owEm7airTiox'ol*''TKS 
Pterodaetyl«3  were  comprised  in  the  ^l^^^t^iolrhtaul^^^ 
fauna  of  the  Wealderu  Fromihfttrata^ofTu^tiFwgti^ 

I  subjoin  a  correct  representation  ^"*"'''''''''^'^'*^'' "'*'■  ""'^ 
of  the  inferior  portion  of  this  bone     mAunioti  at  a  pow^ntii 
(Lign.  1 10),   In  ray  opinion,  the  upper     ^^^le* 
extremity  mdicates  a  more  expanded     faadaj  or  muideA. 


Sec  my  Memoir  Ott  the  Bones  of  Birds  diBcovored  in  th<J  «tmt&  of 
&tfi  Foreat  j  GeaL  Trans.  voL  t.  Kow  Seriett,  p.  175, 
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head  tlian  in  obaervuble  iu  tlie  known  huiDflri  ot  PtenKlncr- 
tylt?9  ;*  and  it  appears  to  mo  inypossjblti  to  prono(iT)ix\ 
witJi  any  certainty,  as  to  the  true  chanict<3r  of  the  aniinjil  to 
whieh  It  bdonj^ed,  till  utlier  specimens  are  obtained, f 

45.  BiRr>8  OF  TiiK  Wealdkn.*— In  ilescribing  the  fussil 
remains  of  the  mutnniiilia  of  the  eoeene  or  ancient  tertiary 
epi*ch|  it  was  stated  that  speeie^  of  several  existing  geiiwra 
of  birds  were  conteniporaneons  witli  the  pai0ai>theriu  tuiJ 
other  extinct  pactiyderm.s,  but  that  no  vestiges  of  this  c1«j*j^ 
had  been  found  in  the  chalk,  or  iji  strata  of  an  earlier  date. 
In  my  Fossils  of  Tilgato  Fores^t^  I  montjoruidj  that  ftfWr 
Bel e<! ting  from  the  bones  which  seemed  to  bidcjiig  to  animiil-i 
capable  of  progression  tlirongb  the  air,  those  which  ap- 
peared to  be  referable  to  the  Pterodiu^tyles^  several  nnniiiaiid 
which  bore  ho  striking  a  reBerjiblance  to  thoj***  of  waders 
that  I  ventured  to  retor  thern  to  that  order  of  birds ;  au 
opinion  which  was  corroborated  by  Baruti  Cnvier,  to  whera 
I  submitted  them  on  hi  a  last  visit  to  Kn  gland,  in  1830. 
Subsequently j  Professor  Owen  instituted  a  rigid  exami- 
tiation  of  these  bone^i  and  satisfied  himself  that  sonie  of 
them  unquestionably  belonged  to  a  specdes  of  wading  bird*} 
More  recK^ntly,  this  distinguished  pliysioh>giat  has  si*tHi 
reason  to  alter  his  opinion  ;  and  upon  Ihidinr^  tliat  thr* 
supposed  tai^o-raetatarsal  bono  is  a  hutjierus  (ant(\  p.  439), 
iiow  uilirms  tluvt  all  the  bones  of  the  woiildeu  roteralile  t*) 
flying  animals,  are  reptilian.  With  the  view  of  defijr- 
mining  if  possible  this  difiieult  problem,  Mr.  Bowerlmak 
instituted  a  mici'ogeopical  investigation  of  the  intinmtA* 
structure  of  bone  in  birds  und  reptiles  i  and  hag  commti* 

•*  Boo  Ooot.  Tinaa.  yoI.  v.  PL  XUI.  fi^.  a. 

t  See  Prof,  Owoa  on  ^appoiicd  fosail  bonoft  of  Birds  ;  G<joL  Jouitji!, 
1816,  p.  9fl  ;  and  my  njiniirkii  in  tho  aaim  work,  p*  104,  oa  tho  l^i»*il 
remains  of  Birds  in  tho  Woiilden ;  the  figurg  fttH^omtmiiyinig  m} 
paper  it  moat  iruteoumUjly  mproaouUjd  by  ika  ligiiognph. 

t  S«  M«dala  oj  Urmfcion,  vol,  IL  p,  ay 5. 
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nicsted  the  result  to  the  Geological  Society.  This  eminent 
mieroseopical  ohserver  hiis  found  a  recognizable  difference 
in  tiie  form  and  proportion  of  the  minute  cells  of  the  bones, 
whicli  he  believes  is  constant,  und  by  which  the  smallest 
imgment  may  be  referred  to  its  proper  cbxss.  In  JJirdu^ 
under  a  power  of  500  linear,  bj  tnmsmitted  light>  the 
celb  are  found  to  have  a  breadth  in  proportion  to  Uieir 
length  of  from  one  to  four  or  five ;  while  in  Meptih^  the 
length  exceeds  the  breadth  ten  or  twelve  times.  For 
example : — 

In  tho  AlliatroBs,  the  width  of  the  cell  U  ^  tho  length. 
^    Crocodile       —        —        —       A      — 

Applying  this  test  to  tlie  supposed  bones  of  birds  from 
the  chalkj  Mr.  Eowerbank  linds  that  the  specimens  re- 
garded by  Professor  Owen  as  belonging  to  an  extinct 
species  of  Albatross,*  are  reptilian ;  the  length  of  the  cells 
being  twelve  times  that  of  their  width,  a^  m  the  bones  of 
tlie  craniumj  jaws,  &c,  of  an  undoubted  Pterodactyle 
(/**  gigantem)  found  in  the  same  quarry,  and  to  which  he 

erefore  refers  them.  | 

The  wealden  bones,  subjected  to  the  same  interrogatory, 
gave  different  results.  The  bone  figured  Lit/n.  110  has 
cells  of  the  reptilian  type,  and  is  therefore  declared  by 
Mr.  Bowerbank  to  be  that  of  a  Pterodactyle ;  while  some 
of  the  other  specimens  (especially  that  examined  bj  Baron 
Cuvier,  and  figured  in  Geol.  Trans,  vol  v.  PL  XlJLJig.  6.) 
Lftve  short  elliptical  cells  as  in  true  birds,  and  are  presumed 
to  belong  to  that  class.     At  the  present  time^  the  question 


*  Medals  of  OreatioUf  vol.  ii.  p.  803, 

+  I  woald  here  remark,  that  th<^€i  bones  are  so  extremely  thitit  aa  to 
render  it  most  improbable  that  they  could  erer  have  Bustained  mcli 
an  infttrtiment  of  flighty  m  the  powerful  win/^  of  the  Albatrosia  or  of 
any  other  bird ;  their  tcauilj  is  in  fact  euch  as  Uj  point  out  their 
adaptation  to  aapport  an  ejtpwided  membnmii^  ViiA  ^^^^  i^v^^OTsa..         j 
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an  to  the  existence  of  wann^bloodecl  animali^  capable  of 
flight,  during  the  wealden  aud  cretaceous  epochs,  must* 
therefore  J  be  regarded  as  in  the  same  state  of  uocer  taint j, 
as  when  I  first  announced  the  occurrence  of  tbe  supposed 
bird's  bones  in  the  strata  of  TiJgate  Forest,  in  1827*  I  om, 
however^  inclined  to  heheve,  that  the  presence  of  birds  in 
the  secondary  formations,  will  sooner  or  later  be  satisfac- 
torily established ;  and  I  would,  therefore,  retain  the  naroe 
o£  Palmornk  CUftii,  {Medah  of  Creatmi,  p*  806,)  for  the 
wealden  ornithobtes. 

46.  The  couNTKy  of  toe  igdanodon. — By  this  survej 
of  the  strata  and  organic  remains  of  the  Wealden,  we  ha^'e 
acquired  data  from  which,  by  the  principles  of  induction 
already  explained  (p*  367 )»  we  may  obtain  secure  conclo* 
sions  as  to  the  nature  of  the  country  whence  those  spoik 
were  derived,  of  tlie  anioials  by  which  it  was  id  habited, 
and  of  the  vegetables  that  grew  upon  its  surface*  Whether 
that  country  was  an  i.Hland  or  a  continent  cannot  be  deter- 
mined ;  but  that  it  was  diversi^ed  by  hills  and  valleys* 
and  irrigated  by  streams  and  riverSj  and  enjoyed  a  climmte 
of  a  higher  temperature  than  any  part  of  modem  Europe, 
is  most  eyident.  Arborescent  ferns,  palms,  coniferou.'s 
trees,  and  cycadeous  plants,  constituted  its  groves  and 
forests,  and  delicate  ferns  the  vegetable  clothing  of  its  soil ; 
and  in  its  fens  and  marBhes  the  equiseta,  and  plants  of  a 
like  nature,  prevailed-  Its  principal  herbivorous  quadru- 
ped was  the  enormous  lizard,  the  Iguanodon  ;  its  carnivom, 
tbe  Megalosaurus  and  other  predae«i>us  reptiles ;  crocodiles 
and  turtles  frequented  its  rivers,  and  deposited  their  eggs 
on  the  banks  and  shoals  ;  and  its  waters  teemed  with 
fishes,  moll II sea  and  crustaceans.  That  the  soil  was  of  a 
sandy  nature  on  the  hills  and  plaina,  and  argillaceous  in 
the  lowlands  and  marshes,  may  be  inferred  from  the  vege* 
table  remains^  and  the  lithological  character  of  the  strati 
in  which  they  are  itnbeidd^.     Some  inferences  relating  to 
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the  previiilitig  atmospheric  condition  of  the  coutitiy  may 
also  be  drawn  from  the  undulated  surfaces  of  the  saud- 
stoneSj  and  from  the  fossil  trees.  In  the  former  we  have 
proofj  that  when  the  land  of  reptiles  existed,  the  water  was 
rippled  by  the  brees&es,  which  then,  as  now,  varied  in 
intensity  and  direction  in  a  brief  space ;  by  tlie  latter, 
til  at  in  certain  situations  the  wind  blew  from  a  particu- 
lar quarter  for  a  great  part  of  the  year^  and  that  the 
m.ean  annual  temperature  was  as  variable  as  in  modern 
times.  From  what  has  been  advaneedj  it  must  not,  how- 
€verj  be  supposed,  that  the  country  of  the  Iguanodoo 
occupied  the  site  of  the  south-east  of  England ;  and  that 
the  animals  aad  terrestrial  plants  of  the  Wealdeiij  lived  nnd 
died  near  the  spot  where  their  relics  are  entombed.  For, 
with  the  exception  of  the  shells  and  erustaceans,  w^hieh 
probably  inhabited  the  delta,  all  the  fossO  remains  bear 
marks  of  having  been  transported  from  a  great  distance. 
But  though  three-fourthg  of  the  bones  we  discover  have 
been  broken  and  rolled^ — the  teeth  detached  from  their 
sockets,^ — the  vertebrae  and  bones  of  the  extremities,  with 
but  very  few  exception fl,  disjointed,  and  scattered  here  and 
there,— tbe  stems  and  branches  of  the  trees  torn  to  pieces, 
and  deprived  of  their  foliage j — there  is  no  intermixture  of 
sea-&hellSj  nor  of  beacb  or  shingle;  these  remains  have 
been  subjected  to  abrasion  from  river  currents,  but  not  to 
attrition  from  the  waves  of  the  ocean.  The  gigantic  limbs 
of  the  large  reptiles  could  not  have  been  dissevered  from 
their  sockets  without  great  violence,  except  by  the  decom- 
position of  their  tendons  from  long  maceration  in  water ; 
and  if  the  latter  had  been  the  sole  cause,  we  should  not 
find  the  bones  broken  and  separated,  but  lymg  more  or  less 
in  juxtaposition^  like  the  skeletons  of  the  Plesiosauri  in  the 
Lias*  The  condition  in  which  these  fossils  occur,  [iroves 
that  they  were  floated  down  the  river  with  the  rafts  of 
trees,  and  other  spoils  of  the  land,  till,  a-rtfe^^s^  \i!k  Sk^s^xs 
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pro)Treas^  they  sank  down,  and  became  imbedded.  Tli^ 
phenomena  here  contemplated  cannot,  I  conceive^  be  Mtis- 
factorily  explained  upon  any  other  groundsji  j  and  the 
Honrce  of  the  mighty  stream  which  flowed  through  tlie 
country  of  the  Iguanodon  must,  therefor e^  like  that  of 
tlie  Mississippi,  have  been  hundreds,  perhaps  thousands, 
of  miles  di^itant,  from  the  delta  accumulated  m  the  eour&e 
of  ages  at  its  mouth. 

Such  was  the  country  of  the  Iguanodon — a  country^ 
ivhjch  language  can  hut  feebly  portray,  but  wliicb  the 
magic  pencil  of  a  Martin,  by  tlie  aid  of  geological  researcli, 
has  rescued  from  the  oblivion  of  the  past,  aud  placed  before 
us  in  all  the  hues  of  nature^  with  its  appalling  dragoo- 
forma,  its  forests  of  palms  and  tree-ferns^  and  the  luxuriant 
vegetation  of  a  tropical  clime.* 

47,  Sb:quence  of  geological  changes. — -Let  us  now 
review  the  sequence  of  those  stupendous  changes,  of  whicb 
our  examination  of  the  geological  phenomena  of  the  south* 
east  of  England  has  afforded  such  incontrovertible  evidence 
From  the  facts  brought  before  us,  we  learn  that  at  a  period 
incalculably  remote,  there  existed  in  the  northern  bemi- 
sphere  an  extensive  island  or  continent,  posse^smg  a  climate 
of  such  a  temperaturej  that  its  surface  was  clothed  wiili 
coniferous  trees j  arborescent  ferns,  and  plants  allied  to  the 
Cycas  and  Zamia  j  and  that  the  ocean  wMch  washed  its 
shores  was  inhabited  by  turtles,  and  marine  lizards  pf 
extinct  genera.  This  country  suflTered  a  partial  subsidence, 
wliich  was  effected  so  tranquilly,  that  many  of  the  trees 
retained  their  erect  position^  and  the  eycadeous  plants,  and 
a  considerable  layer  of  the  vegetable  mould  in  which  thej^ 
grew,  remained  undisturbed*  In  this  state  ati  inundation 
of  fresh  water  covered  the  country  and  its  forests,  and  depo- 
sited upon  the  soil  and  around  the  trees  a  calcareous  mad, 

*  Sec  the  Frontispiece;  an  oiigraviag  oa  steel,  from  ^n  origiat! 
pamting  hy  John  Marliu,  Esq.,  K.  L, 
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winch  was  gradually  i consolidated  into  limt>^tone  ;  thermal 
streams,  holding  ilint  in  solulioii,  percolated  the  mass,  and 
silicified  the  submerged  trees  and  plants. 

A  further  subsidence  took  place,  floods  of  fresh  water 
over  whelmed  the  petrified  forest  j  and  heaped  upon  it  accu- 
mulations of  detritus,  which  the  streams  and  rivers  had 
transported  from  the  land.  The  country  traversed  by  the 
rivers,  like  that  of  the  submerged  forest,  enjoyed  a  tropieal 
cliiDEkte,  and  was  clothed  with  palms,  arbor eacent  ferns,  and 
cycadese  ;  it  wn,B  tenanted  by  gigantic  herbivorous  and 
carnivorous  reptiles,  and  its  waters  abounded  in  turtles, 
and  various  kinds  of  fishes,  crustaceans  and  moUttsca. 
The  bones  of  the  reptiles,  the  teeth  and  scales  of  the  fishes, 
and  the  stems,  leaves,  ond  seed-vessels  of  the  trees  and 
plants,  were  brought  down  by  the  streams,  and  imbedded 
in  the  mud  of  the  delta^  beneath  which  the  petrified  forest 
was  now  buried. 

This  state  continued  for  an  indefinite  period — another 
change  took  place — the  Country  of  Reptiles  with  its  inhabi- 
tants was  swept  away,  and  the  delta,  and  the  fossil  trees 
with  the  marine  strata  on  which  they  grew,  subsided  to  a 
great  depth,  and  formed  part  of  the  bottom  of  a  profound 
ocean  ;  the  waters  of  which  teemed  with  numberless 
zoophytes,  shells,  and  fishes^  of  species  long  since  extinct. 
Periodical  intrusions  of  thermal  streams  charged  with  silex, 
gave  rise  to  layers  and  veins  of  nodular  and  tabular  flint, 
and  occasioned  the  silicification  of  the  organic  remains  sub- 
jected to  their  in  fin  en  ce. 

Tills  epoch,  which  w^as  of  long  duration,  was  succeeded 
by  elevatory  movements,  by  which  the  bottom  of  the  deep 
was  broken  up,  and  large  areas  were  slowly  upheaved  ; 
and  as  the  elevation  continued,  the  deposits  wtdcli  had 
accumulated  in  the  depths  of  the  ocean  approached  the 
surface,  and  were  exposed  to  the  action  of  the  waves. 
These  masses  of  cretaceous  strata  now  began  to  suffer  J 
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il(*fitrL!c*t]on»  niid  tlic  (1(4  tu  t?f  tln^  t 'rmntry  uf  ihv.  IgiinmHlun 
f^mdunUy  i^nifii'^4'il  uIkjvc  tfic  watorN  ;  nud  iliiiiUy,  tlui  pviri* 
tied  foi'ont  of  the  Oolitt*  mm  in  Ihe  mldHt  cif  thi;  tivn^  m^i 
hvminr  ilry  Ifttid*  At  h^ngth*  f*(jmt'.  [>orlmTiM  of  tha  *4evatd 
itrata  attaim^d  an  tiltitintn  iif  Hcvfiiil  laiiulri^tl  ftn^i^  uml  n 
group  of  i^hiTi*!?!  vvuh  foriin*!!  ;  hul  iti  llji'  buwiiuH  eir  (Infire^iMionn 
benuatli  llio  waU^rH»  HtjilimimtK  di^Hvvd  trom  the  (lisiuto^rA- 
tion  of  the  iisft-cliffa  wore  dci>oiitccl.  Largo  ImrbivurcHiA 
mnrniiiuliii  now  inlmUitcd  nucIi  y>ortionft  (ifthn  fonnrr  mTiin* 
Iml  HK  wt'm  rnvrrcHJ  witli  vtij|i*tutirm  Miitlitrifiit  IVir  tlidr 
giippcirt  ;  und  qh  lh(w  luiiinnM  dirfl,  thrir  Imjiu'i  bf^inime 
BnvL4opr.^d  ill  ilw  nocumuliitjom  of  mud  uml  graved^  whidi 
wefft  lurming  in  tUt*  hitya  nnd  t^itunmii. 

I'UU  era  »dJ*<>  piisstMl  away — tlin  fOcvjitorj  ll]0V«lll«8lta 
continued — uilmr  nitiHMi*^  of  tho  tol  of  tlu<  tthidk  aOAftn«  Rnd 
of  iJjti  wt!ald*:n  Htrnta  ht'iieiilK,  bncamn  dry  land— imd  «t 
(rn|TtJi  tluir^f'  more*  rei^ent  dcjjoiitfl  cimlaitiiog  ibo  ri^mairiii  of 
ilio  InTbivoroiiK  iiiiitnttmliii  which  woro  thn  hwt  tcrnintj  iji" 
thr  iKuuitry*  Thu  oak^  idni,  aili,  and  other  trees  of  modem 
Knrii[*e»  now  nprang  o|*  wht^re  the  ^vovi^h  cif  palmN  and  lrr«i*- 
ievnti  oncHi  flouriwhwi  -  tliis  Hta^%  boar,  and  iior«t%  rangi?d  nvttr 
tlici  [daiiiw  in  wbifli  were  ontondu'd  ihe  Iwnes  of  tbr*  cohmniiJ 
roptilt'rt  and  tinally,  3fafi  iippnared,  and  took  piii<iti»«Mion  of 
iha  BoiL 

At  tilt"  |jrt'K(jrtt  tim*.%  the  d^tpositi  corttainini^  tho  rcmoilii 
of  fhii  mammoth  and  othnr  <3xtinct  mammalm,  art?  tlie 
of  town^  and  vilhigcH,  and  support  busiy  rommnnitb'i*  of 
Juiojan  me*-  i  tho  lIuntHTnati  conrwcs,  and  th*?  Hhephcffl 
ti-ridH  toH^htt^kH,  on  ttn^  idovattMl  luaHHORof  the  hotlom  ofthf 
anr.icijt  tdadk  ofimn*  -  tlici  Fanner  reapN  \m  liarvrJiU  u|>ua 
tho  i^ultivatod  m\\  of  the  dcdta  of  tiic  Country  of  thft  Igua* 
n<idotit  ■ '^'' Hi-*  ArL4iituct  obtahia  from  boiu^alh  tho  pi^lfi' 
iml  fi>i  iiiatc'riaiM  witli  vvhbdi  to  t'on«truet  Im  trmpirn* 

*  Th(j  Sfnilh  l)owa», 

f  The  Woaldii  of  Kent  and  SaiuHiE. 
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aad  UiB  palaces  :* —  whik  from  these  various  strata^  the 
Geologist  gathers  together  the  relies  of  the  Ijehigs  that 
lived  and  died  m  periods  of  uii  fathomable  antiquity,  and  of 
which  the  very  types  have  long  since  been  obhtemted  from 
the  face  of  the  earth,  and  endeavours  hy  these  natural 
memorials  to  determine  the  nature  and  suceession  of  those 
physical  revolutions,  "which  preceded  all  human  history  and 
tradition. 

48»  Retrospect.^ — Such  is  a  plain  enunciation  of  the 
results  of  our  investigations  ;  hut  I  will  embody  these 
inductions  in  a  more  impressive  form,  by  employing  the 
metaphor  of  an  Ai*abiaia  writerj  and  imagining  some  higher 
intelUgence  from  another  sphere  to  describe  the  physical 
mutations  of  which  he  may  be  supposed  to  have  taken  cog- 
nisance, from  the  period  when  the  forests  of  Portland  were 
flourishing,  to  the  present  time* 

**  Countlesi  ages  ere  man  was  created/*  he  might  Bay, 
*I  visited  these  regions  of  the  earth,  and  beheld  a  beautiful 
country  of  vast  extentj  diversified  by  hill  and  dale,  with  its 
rivulets,  streams,  and  mighty  rivers,  flowing  through  fertile 
plains.  Groves  of  palms  and  ferns,  and  forests  of  coniferous 
treeS;,  clothed  its  surface  ;  and  I  saw  monsters  of  the  reptile 
tribei,  bo  huge  that  nothing  annong  the  existing  races  can 
compare  with  them,  basking  on  the  banks  of  its  rivers,  and 
roaming  through  its  forests  ;  while  in  its  fens  and  marshes, 
were  sporting  thousands  of  crocodiles  and  turtles.  Winged 
reptiles  of  strange  forms  shared  with  birds  the  dominion  of 
the  air,  and  the  waters  teemed  with  fishes,  shells,  and  ci'ns- 
tacea. — And  after  the  lapse  of  many  ages  I  agnin  visited 
the  earth  j  and  the  country,  with  its  innumerable  dragon- 
forms,  and  its  tropical  forests,  all  had  disappeared,  and  an 
ocean  had  usurped  their  place.  And  its  waters  teemed 
with  nautili,  ammonites,  and  other  cephalopoda,  of  races 
now  extinct  ;  and  innumerable  fishes  and  marine  reptHes, 
*  The  Isle  of  Tortlaad, 
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— And  thousands  of  centuries  rolled  by,  and  I  returned* 
and,  lo  1  the  ocean  was  gone,  and  dry  land  had  again  ap- 
peared, and  it  was  covered  with  groves  and  forests ;  but 
these  were  wholly  different  in  character  from  those  of  the 
vanished  Country  of  tlie  Iguanodon*  And  I  beheld,  quietlj 
browsing,  herds  of  deer  of  enormous  size,  and  groups  of 
elephants,  mastodons,  and  other  herbivorous  animals  o( 
colossal  magnitude.  And  I  saw  in  its  rivers  and  marshes 
the  hippopotamus^  tapir,  and  rhinoceros  i  and  I  heard  the 
roar  of  the  lion  and  the  tiger,  and  the  yell  of  the  Jiyena  and 
the  bear*^ — And  another  epoch  passed  away,  and  I  t-ame 
again  to  the  scene  of  my  former  contemplations  ;  and  all 
the  mighty  forms  which  I  had  left  had  disappeared,  the  face 
of  the  country  no  longer  presented  the  same  aspect :  it  was 
broken  into  islands,  and  the  bottom  of  the  sea  had  become 
dry  land,  and  what  before  waa  dry  land  had  sunk  beneath 
the  wavea*  Herds  of  deer  were  stiU  to  be  se-en  on  the 
plains,  with  swine,  and  horses,  and  oxen  ;  and  bears  and 
wolves  in  the  woods  and  forests.  And  I  be  lie  Id  huiuftn 
beings,  clad  in  the  skins  of  animab,  and  armed  with  clubs 
and  spear i^ ;  and  they  had  formed  themselves  habitations  in 
caves  J  constructed  huts  for  shelter,  and  inelosed  pastures 
for  cattle,  and  were  endeavouring  to  cultivate  the  soil* — 
And  a  thousand  years  elapsed,  and  I  revisited  the  country, 
and  a  village  had  been  built  upon  the  sea-shore,  and  its  ia» 
habitants  supported  ihemsclves  by  fishing  ;  and  they  h&d 
erected  a  temple  on  the  neighbouring  hill,  and  dedicated  it  to 
their  patron  saint.  And  the  adjacent  country  was  studded 
with  towns  and  villages  ;  and  the  downs  were  covered  with 
fiocks,  and  the  valleys  with  herds,  and  the  corn-fields  and 
pastures  were  in  a  high  state  of  cultivation,  denoting  an 
InduBtrioiis  and  peaceinl  community. -^And  lastly,  after  aa 
interval  of  many  centuries,  I  arrived  onee  more^  and  ilie 
village  was  swept  away,  aud  its  site  covered  by  the  wave^j 
but  in  the  valley  and  on  the  hills  above  the  cliffs  a  beautifi 
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city  appeared  ;*  with  its  palaces,  its  temples,  and  its  thousand 
edifices,  and  its  streets  teeming  with  a  busy  population  in 
the  highest  state  of  civilization  ;  the  resort  of  the  nobles  of 
the  land,  the  residence  of  the  monarch  of  a  mighty  empire. "f 


*  Brighton. 

t  The  concluding  portion  of  these  remarks  refers  to  the  changes 
that  have  taken  place  on  the  Sussex  coast,  during  the  historical  era. 
Before  the  Conquest,  the  greater  part  of  the  then  little  fishing  town  of 
Brighthelmston  {BrigMhdm'a-tovm),  or  Brighton,  was  situated  below 
the  cliflfe,  on  a  terrace  of  beach  and  sand,  now  covered  by  the  waves. 
The  Church,  dedicated  to  St.  Nicholas,  the  patron  saint  of  fishermen, 
was  placed  on  an  eminence,  that  it  might  serve  as  a  land-mark.  The 
inroads  of  the  sea  led  to  the  erection  of  buildings  on  the  high  ground, 
and  their  progressive  encroachment  gradually  diminished  the  area  of 
the  ancient  town,  till  at  length  a  sudden  inundation,  but  little  more 
than  a  century  ago,  swept  away  the  houses,  fortifications,  and  in- 
closures  that  remained."  The  sea  has,  therefore,  only  resumed  its 
former  position  at  the  base  of  the  clififs;  the  site  of  the  old  town 
having  been  an  ancient  bed  of  shingle,  abandoned  for  ages  by  the 
ocean,  perhaps  contemporaneously  with  the  retreat  of  its  waters  from 
the  valley  of  the  Ouse.  Should  the  advancement  of  the  sea  be  pro- 
gressive, Lewes  Levels  (ante,  p.  61)  may  again  become  an  estuary,  and 
the  town  of  the  Cliff,  and  the  hamlet  of  Lcmdport,  regain  the  characters 
from  which  their  names  were  derived.  See  A  Day's  JRambU  in  and 
about  the  ancient  town  of  Lewes  :  by  the  Author.     1846. 


"  Illustrations  of  the  Geology  of  Sussex,  p.  292.    Geology  of  the 
South-East  of  England,  p.  23.  Dallaway's  Western  Sussex,  vol.  i.  p.  55 
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A,  Pagt  41, — Tbi  itiitFAOE  oi?  fas  mcjon,— The  moon  is  the  only 

I'  plftoetftEy  body  plowed  i^uffici&Qtly  noar  ma,  to  hara  the  in  equal  Iiie«  of 
ItA  nu&ce  r^cdoi^d  distinctly  vit^ible  with  the  l/elcacopc.     Attendant 
y  OD  iht  earth  J  and  having^  nearly  the  &ame  deoBltyt  we  mivy  rQanonably 
infer  tbat  tho  mineral  niibBtaticefi  of  which  It  is  composed  do  not  differ 

I  etfieatiallj  from  tboso  on  the  surface  of  our  own  planet.  If,  as  ia  mobt 
probable,  the  moon  is  surrounded  by  an  atmosphere,  it  must  bo  very 

'  clear  and  low,  for  it  seaTccIy  occaBions  a  aenflible  refraction  of  the  rays 
of  light  when  it  passes  over  the  fixed  eiank  Many  of  the  dark  parta 
of  the  mooni  partioularly  the  part  called  mare  crvn'nmt  appear  to  be 
covered  with  a  fluid,  which  is  probably  more  transparent  than  water, 
afl  the  forma  of  the  rocka  and  cratem  are  Been  beneath  it,  but  not  so 
distinctly  aa  in  the  lighter  parts  of  the  moon^B  surface.  To  examine 
the  moon  with  a  refurcnco  to  its  external  structure,  the  defininiyr  power 
of  tho  teleDcopa  should  bti  of  the  Hrat  quality ^  sufficient  to  uhow  the 
projections  of  the  outer  illuminated  limb,  ob  dis^tinctly  aa  they  appear 
when  the  moon  is  paswing  over  the  disk  of  the  sun  during  a  Rotar 
eclipse.  With  Bucb  a  telescope,  and  a  aufficiont  dogroo  of  light  aod  of 
magnifying  power,  almogt  every  part  of  the  moon's  Hurface  appears  to 

,  be  volcanic,  containing  craters  of  enormous  magnittide  and  vast  depth  t 

I  Ifee  sbclving  rocks,  and  the  diffbrent  internal  ridgea  within  them, 
tetim  to  mark  the  stations  at  which  the  lava  has  stood  and  formed  a 
floor  during  diffcront  eruptions;  while  the  cpnos  in  some  of  the 
crater*  retcmble  those  formed  within  modern  volcanoes.  The  largest 
mountain  on  the  southern  limb  of  the  moon,  liko  the  largest  volcanic 
cone  on  the  earth,  Chimhorazo^  has  no  deep  crater  on  its  summit. 
There  are  indeed  the  outlines  of  the  crater,  Isut  U  V*  Tis»!tVa  ^^^'tfe. 
GG  2 
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up;  while  from  the  foot  of  tliis  luuat  mountaint  atre^ms  of  kn 
diverge  in  different  directiona,  to  tke  distwicij  of  six  hnndrod  mikk 
The  luugGfll  knewn  current  of  modem  lava  on  the  earth  m  m  Iceknil^ 
and  extendi  ^ixty  milea ;  but  the  volcanoeB  in  that  island  \mff  no  pro- 
portion to  tho&e  of  the  moon  in  m^^itud^.^JT?'.  BaketodL 


B.  PagE  t7.— Ttrx  Lifii  ov  rsB  Solpataba, — "  Its  tempemtnre 
wasi  m  the  winter,  in  the  wanneat  parts>  above  80  deg*  of  FahrenLeit, 
and  it  appears  to  be  pretty  constant  i  for  I  have  found  it  to  differ  a  few 
degreea  onl J,  Sn  Januaiy,  March,  May,  and  the  beginning  of  J uae; 
being  therefore  nearly  twenty  degrees  above  the  mean  temperatnw  of 
I  the  atmesphpre,  it  must  be  sopplied  with  heat  from  a  gnhtenaceoitt 
source.  KLrcher  has  detailed  in  his  Mundus  S-uhterranmia  varioo* 
wonders  reBpeetlng-  this  lake,  meet  of  whieb  are  unfounded  \  ssuch  vt 
that  \i  ifi  unfathomable,  that  it  haa  at  the  bottom  the  beat  of  boiling 
water^  and  that  floating  islands  nse  from  the  gulf.  It  must  oertaial? 
be  very  difficult,  or  even  impossible  to  Mhom  a  eoorce  which  nstf 
with  BO  mui^h  violence  from  a  eubterraneous  excavation  -  and  at  a  tiiiK 
when  chemistry  had  made  email  progress.^  it  wae  easy  to  mistake  the 
diseng^igement  of  carbonic  &crid  for  an  actual  ebullition.  The  flo&liof 
islands  are  reaJ,  but  neither  tho  Jeauit  nor  aoy  of  the  writers  who  hara 
since  described  this  lake,  have  had  a  correct  idea  of  their  origint  wlu^ 
ig  ezceedinglj  curious.  The  high  temperature  of  this  water^  and  ii& 
quantity  of  carbonic  acid  that  it  contains,  render  it  peculiarly  fitted  t* 
afford  a  pabulum  or  nouriahment  to  vegetablo  life ;  the  baiis  of  tia- 
vertine  are  every  where  covered  with  reeds,  lichens,  eonfervm,  isd 
varioua  kinda  of  aquatic  vegetables.  At  the  same  time  thai  the 
process  of  vegetable  life  is  going  on,  the  Cfystalliaatlon  of  the  «il- 
careous  matter  which  is  every  where  deposited,  in  consequence  of  tlw 
escape  of  carbonic  acid,  likewise  proceeds^  and  givies  a  constant  mlDd* 
nosa  to  what  from  ita  tint  would  otherwise  be  a  blue  fluid.  So  nijiiil 
is  the  vegetation,  owing  to  the  decomposition  of  the  carbonic  acid, 
that  even  in  winter,  massen  of  confervro  and  lichens,  mixed  ifiti 
depoBitcd  travortiuc,  are  eoastantly  detached  by  the  currents  of  «Bt«r 
from  the  bank,  and  ^oat  down  the  stream;  which  being  a  eonsidenble 
rirer,  is  never  'irithont  many  of  these  small  islands  on  its  m-datit. 
They  are  sometimes  only  a  few  inches  in  size,  and  composed  merely  rf 
dark  green  confervas,  or  purple  or  ydlow  lichens;  butj  ocoiieioBiillj. 
are  even  several  feet  in  diameter,  and  contain  seeds  and  ^^aHotis  ip«i«i 
of  common  water-plants,  which  are  uiiually  mor^  or  less  iucmstad  witt 
marble.    There  is,  I  believe,  no  place  in  the  world  where  tJiew  iii 
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more  striking  exojDple  of  the  appoiiitioii  or  contmat  of  Uiu  lnwi  of 
Kulmate  aad  inaaimate  imture — of  the  for€^  of  iuui^tiie  chemi^ 
HOQuitjj  ttnd  tho^  of  the  pawera  of  life,  Vegetablefl,  in  such  ^ 
lempemturej  and  evety  where  amToimded  by  food,  are  prcwlucDd  ^ith 
p  wonderfui  rapidity ;  but  the  ery^tallizationB  u.re  formed  with  equnl 
quicknegfl^  attd  are  no  sooner  produced  thau  they  are  destroyed 
together.  Notwitliatanding  the  sulphureous  i^xlialatioui  from  tha 
lake,  the  quantity  of  vegetable  matter  generated  there,  and  itH  heat, 
loake  It  the  resort  of  an.  infjuito  variety  of  iuBect  tribes ;  and  eren  in 
the  coldest  day&  iu  winter,  niLmbers  of  fii^  may  be  observed  ou  the 
reigietables  surrounding  iu^  banks^  or  on  its  floating  islands).  Their 
larvBs  may  algo  be  aeen  there,  Bometimea  inemated  and  entirely  de- 
stroyed by  calcareous  matter,  oa  well  as  the  inBecta  themselves ;  and 
r&rious  species  of  shell-fiBh  that  are  found  amongst  the  vegetables 
IfMeh  grow  and  are  destroyed  in  the  travertiae  on  its  banks.  Snipes, 
lucks^and  other  water-birds,  often  vidt  these  lakef^^  probably  attracted 
by  ihB  temperature  and  the  quantity  of  food  in  which  they  abound ; 
lint  the&e  usually  confine  tbemsclvefr  to  the  banks,  as  tbe  carbonic  acid 
iifietigagud  from  the  iurfaeu  would  be  fatal  to  them,  if  they  ventured 
k»  swim  upon  it  when  tranquiL  In  May  IS—,  I  fixed  a  stick  on  a  mass 
h>t  trarertine  covered  by  the  Heater,  and  examined  li  in  the  beginnings 
pf  the  April  following,  for  the  purpose  of  determimBg  the  nature  of 
the  depoBitions.  The  water  was  lower  at  this  time  ^  yet  1  had  some 
lifficulty,  by  mean**  of  a  sharp-pointed  bammcrj  in  breaking  the  mass 
irhicb  adhered  to  the  bottom  of  the  stick ;  it  was  several  inches  in 
thickness.  The  upper  part  was  a  m.ix:ture  of  light  tula  and  leaves  of 
ioiifervu3 ;  below  this  waa  a  darker  and  more  compact  travertine, 
lontaimng  black  and  deeomjxised  maf^ses  of  coufervec;  in  thu 
nferjor  part,  the  travertine  was  more  solid,  and  of  a  grey  colour^ 
but  with  cavities  which  1  have  no  doubt  were  produced  by  the 
iecom position  of  vegetable  matter.  I  have  passed  many  bonra,  I  may 
,j  days,  in  studying  the  phenomena  of  this  wonderful  lake  j  it  has 
brought  trains  of  thought  into  my  mind  connected  with  the  early 
changes  of  our  globe ;  and  1  have  Homctimes  reas/uued  from  the  formsii 
at'  plants  and  aoimals  preserved  in  marble  in  this  thermal  .source,  to 
the  grander  depositions  in  the  secondary  rocks,  whert  the  ioopbytee 
or  coral  polypes  have  worked  upon  a  grand  aeale,  and  where  palma 
and  vegetables,  now  unknownj  are  preserved  with  the  remains  of 
crocodiles,  turtles,  and  gigantic  extinct  eauriauii,  which  appear  to 
have  belonged  to  a  period  when  the  whole  globe  pot?aessed  a  much  higher 
temperature.  1  have  likewiiie  often  been  Ld,  from  the  remarkable 
phenameiia  Hurrounding  me  iu  that  spot,  to  compare  the  works  of  man 
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with  thofle  of  tiaturt^  The  batba,  erected  thore  ae^rlj  tweaty  cen- 
turieg  ago,  proHent  oQly  heaps  of  ruLiii*,  and  even  the  brieki  of  whiel 
they  vfore  built,  though  hurdened  by  fire,  ure  crumbled  into  dnit; 
whilst  the  masses  of  travertine  around ^  thougli  formed  by  a  vinibk 
source  from  the  moat  periahttble  materialfl|  have  bardoned  by  time; 
rind  the  most  perfect  romalna  of  the  greateat  ruins  in  the  eternal  dlj, 
Buch  aa  the  triumphal  aix^hes  aad  the  ColoBseum,  owe  their  duration  t^ 
thb  so\irce. 

How  marvollous  arc  those  laws  by  whicb  the  Lomblest  tjpca  cJ 
organic  eiiatoneo  are  preserved,  though  bom  amidst  the  eouite^  a' 
th^  de«tniction,  and  by  which  a  tipeeicsB  of  immortality  is  given  t» 
generations  floating^  as  it  wer^»  like  ovaneaeent  bubbled  on  a  8tru»m 
raked  from  the  deepest  caverns  of  the  earthy  and  in;atantly  losing  «liii 
may  bo  called  its  spirit  in  the  atmosphere  r^Str  Humphrey  Dat^* 
Last  Days  of  a  PhUosoph^* 


C.  Page  78* —  CA^vsair s. — One  of  the  most  common  appeafuioii 
in  limeatono  cavoms,  is  tho  formation  of  what  ani  called  «tu!iicUt4tt 
from  a  Greek  word  signifying  distillation  or  dropping.  To  expkiD 
thcii^,  a  brief  deseription  of  the  mode  of  their  production  will  b« 
neeessary,  Wbonevcr  water  filters  through  a  1  lin  oh  tone  rock,  J  i  diawltw 
a  portion  of  it  j  and  on  reaching  any  opening,  such  as  a  cavern,  oom 
from  the  sidoa  or  roof,  and  forms  a  drop,  the  moisture  of  which  is  kwd 
evaporated  by  the  air,  and  a  small  circular  j^fafe  of  c^careons  matter 
remains ;  another  drop  succoods  in  the  same  place,  and  adda,  from  the 
same  eauee^  a  frcbh  eoat  of  in<^ruAiation.  In  time,  ttiese  auocciiire 
additiom»  produce  a  long,  irregiilar,  eonioal  projection  &om  Ihe  roof, 
which  m  eontlnualiy  being  increased  by  the  frcidi  acoraaion  of  witer, 
loaded  with  cak'areoue  or  chalky  matter  ;  this  is  deposited  on  the  out- 
side of  the  staladite  already  formed^  and  trickling  down,  adds  to  it* 
length  by  fluhsiding  to  the  point,  and  evaporating  as  before;  pre- 
ciaelj  in  the  same  manner  as,  during  frosty  weather,  icicles,  which  art 
mM(Mte9  qf  tee,  or  fifozcn  water,  are  formed  on  the  edges  of  the  eav^ 
of  a  root  When  the  supply  of  water  holding  lime  in  iolution  U  M» 
rapid  to  allow  of  its  evaporation  at  the  bottom  of  the  aUiia^iif,  El 
drops  to  the  floor  of  tb©  cave,  and  diylng  up  gradually ,  forms,  in  Hte 
manner,  a  stalarMte  rising  upwards  from  tbe  ground,  tnjitead  d 
hanging  from  the  roof;  this  h  called,  for  the  i$ake  of  distinction, 
Mtcdagmite. 

It  frieqaently  happ<*n8,  where  those  processes  are  uninUrmpl«d,thil 
a  stalaeiile  hanging  from  the   roof,  and  a  9tuki0i%iUi  foruied  iJ 
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diatelj  under  it  from  the  superabundant  water,  increasa  till  thej 
umtCy  Bjid  tbui  conBtitnte  a  natural  pillar,  apparently  supporting  the 
roof  of  the  grotto  ;  it  la  to  tbe  grotesque  forms  asBunnjd  by  ataljietites, 
and  these  natural  columnji,  that  caverns  owe  the  interesting  appear- 
ances, described  in  eucb  glowing  col  ours  by  tho^  who  witiiesa  them 
for  the  iffit  time.  One  of  the  mo&t  beautiful  atalac title  caToms  in 
England  is  at  Clapham,  near  Ingleborongh.  In  the  Cheddar  Cliffs, 
Somersetfihire^  there  has  lately  been  diecovered  a  similar  eave,  rieblj 
encrusted  with  sparry  concTeftion».— jSee  Medak  of  Crmtion^  vol.  ii. 


^- 


D,  Pofje  7S, — Witeb's  Cave.— This  eave  la  situated  in  a  ridge  of 
limestone  hi  I  la,  running  parallel  to  the  Blue  mDuntains.  A  narrow 
and  rugged  fissure  leads  to  a  large  cavern,  where  the  most  grotesque 
figures,  formed  by  the  percolatiou  of  water  through  bedi*  of  limestone 
present  themselves;  while  the  eye,  glancing  onward,  watches  the  dim 
and  distant  glimmers  of  the  lights  of  the  guides — some  in  the  recess 
belowj  and  others  in  the  galleries  above,  Paaaing  from  these  recesaesj 
the  passage  conducts  to  a  flight  of  steps  that  leads  into  a  large  cavern 
of  irregular  fonu^  and  of  great  beauty »  lt«  dimensiona  are  about  thirty 
feet  by  fifty-  Here  the  incrustationa  liang  just  like  a  sheet  of  water 
that  has  been  fro  Ken  as  it  fell ;  there  they  rise  into  a  beautlfiil  stalac- 
title  pillar,  and  yonder  compose  an  elevated  seat,  surrounded  by  sparry 
pinnaclca.  Beyond  this  room  is  another,  more  irregular,  but  more 
beautiful ;  for  besides  having  sparry  ornaments  in  common  with  the 
others,  the  roof  overhead  is  of  the  most  admirable  and  singular  for- 
mation. It  is  entirely  coTcred  with  sttdadites^  which  are  suspended 
from  it  like  inverted  plnnaeles ;  and  they  are  of  the  finest  material,  and 
most  beautifully  shaped  and  embo^ed.  In  another  apartment,  an 
immense  sheet  of  transparent  d<ilactite  which  extends  from  the  roof 
to  the  floor,  emits,  when  struck,  deep  and  mellow  sounds,  like  those  of 
A  muffled  drum.  Farther  on  ia  another  vaulted  chamber,  wbicb  is 
one  hundred  feet  long,  tblrty-sis  wide^  and  twenty-six  high.  Its  walla 
are  filled  with  grotesque  concretions.  The  effect  of  the  lights  placed 
by  the  guides  at  various  elevations,  and  leaving  hidden  more  than  they 
reveal,  is  extremely  fine.  At  the  extremity  of  another  range  of 
apartments,  a  magnificent  hall,  two  bundred  and  fifty  feet  long,  and 
thirty-three  feet  high,  suddenly  appears.  Here  is  a  splendid  aheet  of 
rock- work,  running  up  the  centre  of  the  room,  and  giving  it  the  aspect 
of  two  separate  and  noble  galleries ;  this  partition  rises  twenty  feet 
above  the  floor,  and  leaves  the  fine  spim  of  the  arched  roof  untouched. 
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There  la  bore  a  IjeaDtifiil  concretion,  which  has  the  form  and  drapt-rr 
of  u  gigantU;  rttatiiis ;  and  the  whole  place  («  filled  witb  ^tulagmittcal 
muaefig  of  tha  moHt  varied  and  grotcBqn^j  churocfcer.  The  fijie  per- 
Bpectivo  of  this  room,  four  times  the  length  of  aa  ordinjiry  church, 
and  the  awinzing  vaulted  roof  spread tng  overhmd,  without  Jinj 
support  of  pillar  or  columnj  produce  a,  most  strtkiD^  effect.,  la 
another  apartment^  which  has  an  altitTide  of  fifty  feet,  there  m  at  one 
end  an  elevated  reccRB,  ornamented  with  a  group  of  pendant  staiitetiki 
of  utmsnal  bikc,  and  fiingnlar  heanty.  They  arc  as  laJ^  as  the  pjpei 
of  a  full -sized  organ,  ami  ranged  with  gros^i  regularity ;  when  §tm6k, 
they  emit  mcUow  fiounda  of  vnrious  keys,  not  unlike  the  tones  of 
musical  gla;aaog.  Other  cavitieB,  proliiBely  ntudded  ivith  frpurty  iDcrnK' 
tationa,  extend  through  the  limestone  roek.  The  length  of  thb  extn 
ordinary  group  of  cavei*nii  m  not  leas  than  one  thousund  bix  hundn^l 
foet. — Abridged  from  *' A  Marraiim  qf  a  Viint  Co  the  Ajm-rietm 
Churcfufti;^  bp  Dt«.  E^ftd  and  Jfaiftcuo?*,  See  aisOj  an  inki't^inij 
Nart'fUive  of  "  A  Tour  to  the  Caves  in  Virginia,*'  by  tfie  laU  Dr. 
Ilarlnnf  Madiniil  and  Phj/aical  B€searc}t£Sj  p.  404. 


K  Page  03.— Risc^rr  PoauAimirovujrDaTO^TE.— **  A  enndstone  oticnr» 
in  various  parte  of  the  northern  ooast  of  Comirall,  which  affords  i 
most  instmetlve  ejcamplc  of  a  recent  formation  ;  since  we  here  aeiual1> 
detect  Mature  at  wort  in  converting  luoae  mmd  into  solid  rock,  A 
very  eonaiderable  portion  of  the  northern  coaat  of  Cornwall  is  covered 
with  caleareoubi  eandj  couai sting  of  minute  particles  of  oommiDot^ 
ttliclb,  whkb,  in  some  places,  haa  accumulated  in  quantities  bo  greati 
BA  to  have  formed  MlLa  of  from  forty  to  aixty  feet  in  elevation.  In 
digging  into  these  gaud  hill^i  or  upon  the  occa^ionaJ  removal  of  some 
part  of  them  by  the  windft^  the  remains  of  housoB  may  be*  aeen : 
and  in  placeiss,  where  churohyarda  have  been  overwhelmed,  a  great 
number  of  human  bones  may  be  found.  The  sand  ia  auppoeed  to  h»vc 
been  originally  brought  from  the  sea  by  hurricanes,  probably  it  i 
remote  period.  At  the  prei*cnt  moment,  the  progresft  of  its  incwraion 
U  amoHted  by  the  growth  of  the  arumlo  areuactcL  The  sand  firal 
appears  in  a  alight  but  increasing  state  of  aggregation  on  sereraJ  part^ 
of  the  fihoro  in  the  bay  of  St.  Ives ;  but,  on  approaching  the  Gwythiaa 
river,  it  bceomea  more  estcnaivQ  and  indurated.  On  the  shore  oppo- 
site Godrev}"  l^land^  an  immense  ma&H  of  it  occurs,  of  more  than  t 
hundred  feet  in  length,  an<l  from  ten  to  twenty  in  depthj  eontaining 
entire  ahelb  and  frjgujont^  of  elay-jjlate  ;  it  iii  singular  tliat  the  whole 
imm  o^ume^  a  striking  appcanuice  of  stratification,    lu  mm^  |»lace» 
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it  appears  that  attempts  have  been  made  to  separate  it,  probably  for 
the  purpose  of  building,  for  several  old  houses  in  Gwythian  are  built 
of  it.  The  rocks  in  the  yiclnity  of  this  recent  formation  in  the  bay  of 
St.  Ives,  are  greenstone  and  clay  slate,  alternating  with  each  other. 
The  clay  slate  is  in  a  state  of  rapid  decomposition,  in  consequence  of 
which  large  masses  of  the  hornblende  rock  have  fallen  in  various 
directions,  and  given  a  singular  character  of  picturesque  rudeness  to 
the  scene.  This  is  remarkable  in  the  rocks  which  constitute  Godrevy 
Island.  It  is  around  the  promontory  of  New  Eaye,  that  the  most 
extensive  formation  of  sandstone  takes  place.  Here  it  may  be  seen 
in  different  stages  of  induration,  from  a  state  in  which  it  is  too  friable 
to  be  detached  from  the  rock  upon  which  it  reposes,  to  a  hardness  so 
considerable  that  it  requires  a  very  violent  blow  from  a  sledge  to  break 
it.  Buildings  are  here  constructed  of  it ;  the  church  of  Cranstock  is 
entirely  built  with  it ;  and  it  is  also  employed  for  various  articles  of 
domestic  and  agricultural  uses.  The  geologist  who  has  previously 
examined  the  celebrated  specimen  from  Guadaloupe,  will  be  struck 
with  the  great  analogy  which  it  bears  to  this  formation.  Suspecting 
that  masses  might  be  found  containing  human  bones,  if  a  diligent 
search  were  made  in  the  vicinity  of  those  cemeteries  which  have  been 
overwhelmed,  I  made  some  investigations  in  those  spots,  but,  I  regret 
to  add,  without  success.  The  rocks  upon  which  the  sandstone  reposes 
are  alternations  of  clay  slate,  and  slaty  limestone.  The  inclination  of 
the  beds  is  SS.W.,  and  at  an  angle  of  40°.  Upon  a  plane  formed  by 
the  edges  of  these  strata,  lies  a  horizontal  bed  of  rounded  pebbles, 
cemented  together  by  the  sandstone  which  is  deposited  immediately 
above  them,  forming  a  bed  of  from  ten  to  twelve  feet  in  thickness,  and 
containing  fragments  of  slate,  and  entire  shells ;  and  exhibiting  the 
same  appearance  of  stratification  as  that  noticed  in  St.  Ives  Bay. 
Above  this  sandstone  lie  immense  heaps  of  drifted  sand.  But  it  is  on 
the  western  side  of  the  promontory  of  New  Kaye,  in  Fishel  Bay,  that 
the  geologist  will  be  most  struck  with  this  formation ;  for  here  no 
other  rock  is  in  sight.  The  clif&,  which  are  high,  and  extend  for 
several  miles,  are  entirely  composed  of  it ;  they  are  occasionally  inter- 
sected by  veins  and  dykes  of  breccia.  In  the  cavities,  calcareous 
stalactites  of  rude  appearance,  opaque,  and  of  a  grey  colour,  hang 
suspended.  The  beach  is  covered  with  disjointed  fragments,  which 
have  been  detached  from  the  clifis  above,  many  of  which  weigh  two 
or  three  tons.'* — From  a  Memoir  by  Dr.  Paris,  in  the  Transactions  of 
the  Boyal  Oeological  Society  of  Cornwall. 
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P,  Faffe  100.  —  Ow  the  airBaiiiEifCK  of  thi  ooast  a?  Pcki^u^ 
Letter  from  €.  fftiUnmndelf  Eaq.  to  the  AyJthor, — ^*  Mo«i  tnvdlcn 
inert3l7  pa^  tlirough  Pii:££uoli  in  tbbir  way  lo  Bai&i  and  few  being 
iicquaiiited  wLtU  iho  NimpuUtati  dmloct  havo  bad  the  oppor- 
tUAitiGH  which  I  (it^ojed^  of  convoramg  with  thc^  sftUfes  npott 
tha  Hubjcet.  lu  the  year  lS13j  i  resided  for  four  moothft  k 
the  Cikpuchin  convent  of  FiusuoE,  which  k  aituated  betwesi 
the  roiid  trmxi  Kaploi,  and  the  w&tk,  at  the  eutmnoe  of  the  towa 
of  Pui^zuolL  In  t^  Capuchin  coQTeiii«  th«  oldf^t  Miir  ii  called 
*  U  molto  revermdi  f  and  the  one  who  then  onjojed  tbe  title  in 
this  convent  waa  ^^  jears  old.  He  informed  me  that  when  he  was  a 
young  man^  the  rood  from  Naplet  paHtod  on  the  teaward  mde  of  the 
convunt ;  but  that  from  the  gradual  ininklQg  of  the  m\l,  the  road  wu 
obUgfld  to  bo  altered  to  it»  present  course. 

"  While  1  WB&  staying  at  the  convent^  the  refectory,  aa  well  a»  tho 
oatrance  gate,  worn  from  bijc  inuhoA  to  a  foot  under  water^  whenever 
litrong  westerly  winds  prevalied  m  am  to  cause  the  watera  of  the 
MedUormncan  io  rise.  Thirty  years  prfl?iouiily,  my  old  informant 
fllatedj  mch  an  ocourpsnce  never  took  place.  In  fftet,  it  is  not  pro* 
bable  that  the  builder  of  tbe  convent  would  have  placed  tbe  ground* 
floor  so  low  Q&  to  expoae  it  to  inundations,  ai  it  now  it.  MoreoreTr 
the  timall  wharf  at  PussssuoUj  like  tiie  convent,  is  oonit&aily  undcf 
water  when  woetorlj  winds  prevail ;  hero  again  it  U  evident  tttat  tht 
original  con«tru<:torfl  of  the  wharf  never  intended  it  tob^ln  thlH  stale. 
Theao  facta  appear  to  prove  tlmt  the  gradual  »ubaidenco  of  the  roiI  boi 
been  going  on  for  nmny  years,  and  is  still  in  tetuaJ  progreas,  and  i^or- 
roborate  the  opinion  dorived  from  the  appearancoa  observable  on  ih« 
eolumn»  of  the  Temple  of  Jupitof  Scrapln,  tiiat  tlie  country  hm  ham 
subjected  to  altcmate  elovationft  and  lubsidencoa." 

"London,  Smtembcr,  IBM  J* 
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DlaCRIFTlaN  OF  THE  QEOLQGICAL  MAP  OF  E^QLAKU, 
PLATE  I. 


Tn  IK  mii]i»  or  f atbac ifouziil  plan^  ia  Decei&KriJy  an  too  aidbII  a  flcaJic^  to  Afloni  nwrt 
thin  a  Tury  gcMiuml  idaii  of  the  gDographieoJ  4httibut\(m  of  the  [irinrl^l  puupt  nt 
itrmta  uTex  England ^  in  aocordjince  witli  the  chrontJ'llogii:^]  diynopiiiA  in  Lficture  111  * 

A  «LitniTiarj  <af  the  ganeFal  fcatufes  of  the  country  b  given  lb  pn^o  107^  wHieli  It  In 
unnccuiiKry  hvrii  to  rup«jit;  but  it  niaf  be  intvrefitinf  t&  r/ffer  a  alight  sketch  of 
vhat  way  bu  tuniiud  the  Geulogy  of  the  sharw  of  En^laad.  With  tjiia  vjetF^  if  w? 
itort  On  an  imoffinary  cruUe  from  tbo  norths  beyond  Berwiekp  and  proceed  along  tlli 
ttUtara,  aotith'eafltumi  and  BDutbcrn  coaitst  to  the  Land'i~£!nd^  and  then  $ai]  alQai 
the  wfiitcrn  ahorea  till  we  reach  the  Snlway  FtrUi,  the  folIo«Lng  g:B&lDginJ 
pheDomefia  will  aucc^iirely  bo  prciented. 

The  border  {gauntry  of  England  and  Scotland  coDHiato  of  SCfurf0n  depovita,  witb* 
tract  of  Dfvoniitn  north  of  DervdckT  in  wbidd  foiiil  Aih&fi  have  been  mef  wH&. 
From  Berwick  to  Shields,  tlie  CartromftrauM  lyitem,  comi^riaing;  tlie  MoimMia 
tittitrtone,  Caffl,  and  MitMons  ffritit  forma  the  NorthumliieTland  coast;  a  few 
insulated  mEUia«i  of  plutonic  meka  ( Trap)  appanring  hero  and  thete  ;  aa  for  examplt^ 
at  Bam  borough  Caatle,  and  Dunatauboroughp  From  aearTyueiDoud]  lo  Hartlcirinli. 
tiw  Magnfiian  ilifn'jttongi  of  ihe  P^mian  i^itifED  Rppe«r;  thence  to  fUdcu,  thd 
Tritii  tiepaeita,  in  which  t^c  enibouchufv  of  the  pvar  Thi  U  litua^ted,  form  the  whamt, 

Tho  coast  of  the  north  riding  of  YoTkahLraT  compotvd  of  £lw  uid  Oofitt,  li  ntrw 
reachf^d  ;  a  tract  that  includea  Whitby,  ia  the  ncighhourhood  of  ifhich  placieaif 
high  clifll^  of  LiM£,  abounding  ia  foaails  of  great  variety  and  int^reit;  ai  for  rMUi))^, 
Ichthyoiiauri  and  othtr  roptJl«i  3  Jot,  w*km),  and  imnit^jrous  Hhellan  in  the  cQutimianea 
QjT  this  coast  to  acftrbonjugh  and  Bpeetoa,  i^id  Qrmt  OoUU^  Corai-rag^  O^urd  thf, 
and  other  memU'Ts  ut  t>i«  Oolita  appt!a^ir<  i^niuilning  orgimlc  7viiiJi.ltij  in  pTohulDn; 
and  along  this  aJinre  am  expound  the  imurcalatedjffic^io-mdriiw  itrata,  full  oft^jret,' 
deoua  pLaata,  ferna,  ^c.  lignite,  mid  coaL  Thenco  t«  Flunborougb  lluad^  Ifci 
Qfeemanit  Spetftan  clay,  and  Mfd  ehttik  emerge,  and  finaJlj,  the  White  rh/tik^  fd 
which  the  high  ditii  of  the  pTomcntory  oomiit.  From  thit  part  of  Yorkshirv,  th* 
Ma§t  btiundary  ii  chiefly  niodc  up  of  the  alluvial  dapoaltfl  of  Hctldernesa  ;  and  aionf 
tile  maritime  dlitriot  ofLiricolnQhire,  tiJl  wo  reach  Norfolk,  of  low  clif^,  of  fnitei> 
and  marine  detrltut ;  cavoi^d  in  many  piftcea  by  dJift,^  eoutaining  mamtnalian  f«- 
maint.  The  chalk  range  of  Norfc^lk  extendi  to  the  tea  on  the  north»f^in  Thomhin 
to  aiakeney ;  and  at  Cromer  ii  capped  by  mamsnalifami^a  Cng. 

Tht  tertiary  strata  of  Norfolk  are  for  the  moal  part  obumnd  aloag  ite  comI  ^ 
drift  and  allnrial  debrU,    {n  which   i^at  nnmben  of  th«  leadt  and    hamit_ 
mamtnuthi,  and  other  extinct  mammalia,  have  been  diacotered.    At  Hj    _ 
numcroiu  bonei  nf  (!]ephanta  have  been  met  with ;  in  tb«  Crag  ell^a  aiat 
wold,  thfr  teeth  of  Ma*t(t(hn  ia»ffirtntrii  bavn  been  found. 


•  For  cooTanienca  the  Silurian  and  Cumbrian  depoiits  are  danoteii  hj  the  tama 
number  (»J  and  colour. 
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>  At  Aldliomugh^  the  Coraltine  Gra§  appeatK  [nJaiid,*  and  Ln  ttic  djlfs  At  Bawd«er 
I  FelixstoTTi  the  Red  Crag*  ib  ieen  &Terlj-ltt[f  the  London  flay;  BOd  a  fine  section 
exhibited  at  WnJtoin  Naze,  south  pf  H.arwic}i.     At  CUctoo,   the»  ie.  ft  post- 
date depoGiti  cdtttaJsing  fn^hwater  shells,  and  fuamm^lian  ri-'mainj. 
We  D&w  approach  the  emboiichnfe  of  the  Thames ,  which  liea  la  ft  tiough  of 
pdon  or  eocene  clay ;   certain  ItKalltiCfl,    as  the  Isle  of  Sheppey,  the  eUflS  lo 
mme  Bay,  Sic.  abutmdlng   in  frtiiti    and  other  vegetable  mnoains,  which  &rs 
Hoci&ted  with  marine  shells,  and  bones  of  mammaiiaH  birds,  reptiles^  scales  and 
eth  of  fifihes,  &c. 

The  North  Poreland  oi  the  chalk  range  of  Kent  Js  neit  passed,  the  ^oast  being 
nked  by  verticaJ  clll!^  of  the  Cretaceous  formatlcn  to  Dover,  The  fpey  chalk 
pvars  at  the  hase  of  Bhakspeare's  Cliff  ;  and  die  lower  metnbent  of  the  aeries,  the 
Tir^-atoni;,  Galt^  and  G^reentaad^  at  FoLtfitone  and  Hythe ;  the  cliffs  in  Eastware 
Bay  abaund  in  Gait  foBsHs. 

The  low  allnvial  district  of  Romn^  mafBhos  now  sklrta  the  sea-shore,  to  near 
WincheUea^  this  town  and  Eye  being  situated  on  moundt  of  WeAlden  strata^  tbat 
riie  thfoygh  the  silt  of  the  surrQundiag  marEh  lands. 

Wertowpas-s  along  the  eastern  extension  of  the  Wcalden  denudation  on  the  Sussex 
oout;  the  Wcalden  sandfi  and  sandstones,  with  alternating  cla^^s  and  shales,  Ctin- 
KtitutlBg  the  range  of  cliffs  that  stretches,  with  hut  littl**  interruption,  from  the  east  of 
Hastings  to  Bexhill ;  and  in  which  tjhe  usual  fcsKik  occur  in  considerable  abundanei. 
Accumulations  of  shingle  now  bound  the  bay  fortned  by  Fevensey  levels,  whkih 
is  guarded  hf  num^ouH  marteUo  towers,  and  tbe  Wealdeu  strata  are  wholly  con^ 
eealed.  Near  Southboum,  on  the  north  of  the  South  Downs f  the  Greenssnd,  (Jalt, 
arid  Ftrestonet  reappear ;  and  are  surmounted  bjr  the  White  chalk,  which  abruptly 
rliei  into  the  promontory  of  Beachy  Head.  A  bDld  line  of  chalk  cliSa,  tnterrupted 
only  by  a  few  valleys,  through  which  thd  fiver*  from  the  interior  discharge  their 
waters  into  the  sea,  now  stretches  along  the  coast  towards  Brighton ;  where,  to  the 
eictent  of  thxec  or  four  miles,  tJio  cliffb  consist  of  detrituSt  containing  bonee  of 
elephants,  whale^j^  horses,  deer,  and  other  mammalia^  At  the  embouchure  of  the 
river  Oum,  which  flows  into  the  sea  from  I^ewes,  the  chaJk  cliffy  forming  ihe  western 
tueadland  of  Rewhaven  harbour^  ate  capped  by  tertiary  eocene  strata. 

To  the  west  of  Brighton,  the  coast  is  for  the  most  part  low  ;  the  foundation  rock 
of  the  district,  the  chalk,  seldom  rising  into  Tiew  ;  and  thick  beda  of  alluvial  cover- 
ing, with  eocene  strata  beneath,  form  the  tract  on  the  south  of  the  Bewns,  through 
western  BuEtsex,  and  the  asyawmt  maritime  district  of  Hampshire^ 

The  Sussex  coast  at  Bognor,  is  skirted  by  a  few  low  rocks  of  ealdferous  aandatone, 
abounding  in  eocene  tcrtiar}'  sheila :  and  in  Bracklesham  bay^  a  bank  of  London 
clay  and  s&nd  has  yielded  numerouE  organic  remains  of  great  interest 

We  now  sail  round  the  eastern  termination  of  the  lale  of  Wight,  and  perceive  on 
the  north  the  tertiary  strata  in  Whitecliff  bay,  abutting  against  the  vertical  chalk 
of  Culver  Cliif*  Rounding  the  promontory,  we  enter  iBandown  bay,  where  the 
Weolden  beds  rise  in  an  anticlinal  position  from  under  the  cretaceous  strata.  The 
ruinuus  chalk  escarpment  of  the  Undereliff  is  next  passed,  and  we  enter  another 
bmy  of  the  Wealden,  at  Brixton,  Brook,  and  Compton;  and  again  meet  with  bold 
precipices  of  chalk  at  Freshwater  Gate  and  the  Needles;  and  vertical  eocene  strata 
to  Alum  Bay. 

Fnmuing  our  westward  course,  we  see  the  distant  coast  of  Hampabire,  by  Herd- 


• 


•  Through  on  oversight,  the  term  "Ni>Tfotk"  hu«  been  affixed  as  a  syuonyni  to 
the  Red  Crag,  in  page  224 :  but  Mr.  Charles  worth  informs  mc.  that  neither  the  Red 
por  CoraUine  Crag  oecurt  in  any  part  of  the  county  of  Norfolli. 
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well  and  Chrittchurch,  formed  of  frethwater  and  marine  tertiary  deposits;  and 
entering  Stodland  Bay,  perceive  the  vertical  chalk  diflh  of  Handfiut  point  Coast- 
ing along  the  Isle  of  Purbeck,  the  difibrent  members  of  the  cretaceous  and  wealdea 
formations  are  seen  in  Tarious  parts  of  thia  sinuous  and  indented  line  of  coast;  in 
scnne  places  forming  the  entire  eUA ;  in  others  surmounting  the  Kimmeridge  dif 
and  Portland  oolite ;  and  we  pass  by  the  little  Cores  in  the  south-west  of  the  Isfamd^ 
in  which  the  strata  of  the  Chalk,  Wealden,  and  Oolite,  appear  in  a  Tertiesl 
position.* 

Rounding  the  insulated  mass  otOoliU  that  fonns  the  Ide  of  Portland,  we  reaek 
the  Dorsetshire  coast,  which  is  here  composed  of  beds  of  the  Inferior  ooliU.  These 
deposito  are  succeeded  near  Lyme  Regis  by  cliffl  of  Lias,'  which  the  researches  of 
the  late  Miss  Mary  Anning,  and  Mr.  Hawkins,  have  rendered  so  celebrated;  the 
remains  of  Ichthyosauri,  Plesiosauri,  and  other  reptiles,  with  numerous  AeDa, 
crinoidea,  and  plants,  excelling  in  beauty  and  variety,  those  of  any  other  ff-^^^ik 
locality. 

The  Lias  is  succeeded  on  the  west  by  Triassic  strata;  and  these,  after  a  short 
interruption  of  greensand,  reappear  and  continue  by  Sidmouth,  Exmonth  and 
Teignmouth  to  near  Babbicombe,  where  the  Devoniatit  or  Old  Bed  depotitt,  flnt 
emerge :  beautiful  coralline  marbles  are  quarried  near  Babbicombe. 

The  coasts  of  DeTonshire  and  Cornwall,  with  but  fiew  interruptions,  are  made  up 
of  the  different  members  of  the  Devonian  system ;  Silurian  strata  occnrxing  in  a  tew 
localities.  Mica  and  Chlorite  sehisUf  form  the  promontory  at  Start  Point;  Serpen- 
Hne  and  DiaUage  rock;  the  Lizard ;  and  Oranitet  the  Land's-End.  From  Plymouth 
to  Falmouth  is  the  grand  region  of  copper  ores ;  the  country  consisting  of  slaty  zocks 
(termed  K/llas),  and  limestones,  traversed  by  porphyritic  (provincially  called 
Ehan)  dikes,  with  protrusion^  of  granitic  rocks.  Intrusions  of  Trap  are  ftequent  all 
over  this  part  of  England ;  at  St.  Ives,  the  cliflb  are  composed  of  this  igneous 
product. 

The  western  shores  of  Cornwall  present  similar  phenomena;  and  throughout  this 
sea-coast,  elevated  terraces  of  beach  or  shingle  are  numerous,  proving  the  frequent 
alteration  in  the  relative  level  of  sea  and  land,  which  have  here  taken  place. 

Along  the  west  coast  of  Devonshire,  beds  of  the  Carboniferous  system  appear; 
the  shales  are  often  highly  contorted,  and  occur  in  the  state  of  indurated  slate,  pro- 
vincially called  culm :  they  contain  shells,  and  many  of  the  usual  species  of  coal 
plants. 

In  north  Dcvonsliire,  the  Devonian  system  reappears ;  and  at  Ilf^acombe  there  are 
beds  of  limestone  and  calcareous  slates,  full  of  shells  and  corals.  If  we  pass  up 
the  Bristol  Channel,  as  far  as  Watchet,  we  find  a  line  of  Lias  cliffs,  abounding  in 
shells  and  reptilian  remains. 

But  it  would  extend  this  notice  to  too  great  a  length,  were  I  to  point  out  every 
interesting  locality  within  view,  in  our  voyage  along  the  western  coasts  of  Eng- 
land: it  must,  therefore,  suffice  to  mention  only  the  most  striking  geological 
phenomena.  « 

Crossing  to  the  opposite  Welsh  coast,  mountain  limestone,  capped  by  Lias,  appears 
at  Nash  Point,  and  near  Dunraven ;  and  in  Swansea  and  Carmarthen  bays,  we 
perceive  the  great  South-Wales  coal-measures  fully  developed ;  the  promontory  of 
Worm's  Head,  which  lies  between  the  bays,  being  composed  of  Devonian  strata 
and  Mountain  limestone.  Near  Tenby,  the  cliffs  are  formed  of  carboniferous 
deposits,  very  much  contorted :  and  beyond,  at  St.  Coven's  Head,  beds  of  mountain 


*  The  details  of  the  geology  of  the  coasts  of  the  Isle  of  Wight  and  Purbeck,  are 
given  in  my  Geology  of  the  Isle  of  Wight. 
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nestone  appear  under  similar  condition!.  In  Milford  Haven,  which  is  chiefly 
inked  by  Devonian  rocks,  Silurian  deposits  appear  near  St.  Ann's  Head;  and 
ere  are  numerous  isolated  masses  of  Trap :  Ramsey  Island,  and  St.  David's  Head, 
u>  consist  of  these  igneous  rocks. 

We  now  enter  Cardigan  Bay,  which  is  formed  in  the  lower  division  of  the  Silurian 
stem.  The  strata  consist  for  the  most  part  of  slates  with  characteristic  fossils, 
lich  are  associated  with  contemporaneous  and  intrusive  igneous  rocks.  Mica  and 
lorite  schists,  form  the  cliffs  on  the  southern  headland  of  Caernarvon  Bay,  and 
nilar  rocks  occur  in  the  Menai  Straits,  and  at  Holyhead ;  with  interspersions  of 
nronian,  Silurian,  and  Carboniferous  strata.  Along  the  coast  of  Denbighshire,  the 
>per  Silurian  strata  reach  the  coast,  and  are  succeeded  by  Carboniferous  and 
lassie  deposits. 

Crossing  the  embouchure  of  the  river  Dee,  which  is  situated  in  the  Coal-measures, 
s  Triassic  system  of  Cheshire  appears  at  Birkenhead.  Marine  detritus  and  allu- 
un  obscure  the  regular  strata  along  this  part  of  the  Lancashire  coast;  until 
frond  Lancaster  Bay,  where  Upper  and  Lower  Silurian  strata,  and  Mountain  lime- 
»ne  appear. 

At  St.  Bees  Head,  the  coast  exhibits  coal-measures,  covered  by  Permian  deposits ; 
d  at  Whitehaven  and  Workington,  the  searshores  are  entirely  composed  of  carboni- 
ous  strata,  the  beds  of  coal  being  worked  far  under  the  sea.  At  Maryport,  the 
ignesian  limestone  of  the  Permian  system  forms  the  cliffs.  We  now  enter  the 
Iway  Firth,  and  terminate  this  rapid  sketch  of  the  geological  phenomena  exhi- 
»d  by  the  coasts  of  England. 
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EXTINCT     VOI.CAKOES     OF     A  U  V  E  A  6  M  E. 


I.  Profile  of  Mont  Dore,  as  seen  from  a  distance;  with  a  plan  of  the  crater  of  the 
mountain :  see  page  271. 

II.  Part  of  the  southern  chain  of  Puys;  exhibiting  the  broken  craters  of  Chau- 
mont,  each  with  a  current  of  lava  issuing  from  its  base:  Mont  Dome  is  seen 
in  the  distance :  see  page  268. 

m.  View  of  the  Environs  of  Clermont,  from  the  Puy  Girou. 

In  the  foreground  is  a  basaltic  peak,  on  the  summit  of  which  is  the 
Castle  of  Montrognon.  The  town  of  Clermont  is  seen  in  the  valley  imme- 
diately beyond ;  and  Montferraud  in  the  plain  on  the  right. 

The  dark  horizontal  lines  indicate  the  basaltic  platform  which  caps  the 
summits  of  the  hills  of  fresh -water  limestone.  These  beds  of  basalt  are 
between  300  and  400  feet  in  thickness,  and  are  spread  over  limestone 
strata,  which,  together  with  the  basalt,  were  once  continuous,  but  have 
since  been  eroded,  and  the  detritus  carried  away  by  alluvial  action;  see 
page  276. 

The  remote  distance  is  the  granitic  escarpment,  forming  part  of  the  boundary 
of  the  plain  of  Auvergne ;  see  page  270. 
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DESCRIPTION  OF  PLATE  III. 


TBS  KKMAIMt  OF  AX  lOUAVOlMir;  VBOM  VSX  SBSTIIH  » 

Deteribedpp,  4tr— «S9. 
(Loigtfa  of  the  origiiua  eisfat  flMt.) 


,»iAm«ii>«»"" 


1,2. 
8. 
4,  4,  4. 
5. 
6. 
7. 


9,  9,  9. 

10,  10. 

11,  11. 
12. 


The  rifl^t  and  left  Oiigh-bone,  or/MUir. 

A  leg-bone,  or  tibia. 

Bones  of  the  toes  {metatarsal  and  phalangeal)  of  the  hind  fMt. 

Ungueal,  or  claw-bone  of  the  hind-foot. 

Two  metacarpal,  or  first  finger  bones  of  the  fore-foot. 

One  of  the  bones  (rodtiM)  of  the  fore-arm. 

Vertebrae  of  the  back  and  tail :  in  the  upper  part  of  the  s] 

▼ertebree  remain  in  a  consecutive  series. 
Ribs ;  some  nearly  entire,  others  broken. 
Two  clavicles,  or  collar-bones. 
Two  bones  of  the  pelvis  (iliac  bones). 
A  chevron-bone,  or  inferior  spinous  process  of  the  tail. 


e«bt 


|h!:^«t4'd)l^WaluJ'ii 


FART  or  THt:  J^kvbLf.TtJN  OT  M\  ^^J'^'i^,?^^'^^^ 


DESCRIPTION  OF  PLATE  IV. 


rnXMAIKI  OF  THS   HYLJBOIAUmVS,  DISCOTEMED   IN    TILOATE    FOKEST. 

Described  pp.  435  -438. 
(The  original  is  four  and  a  half  feet  in  length.*) 


This  plate  represents  the  highly  interesting  specimen  disoorered  in  Tilgate 
Forest,  in  the  summer  of  1832 ;  it  consists  of  the  anteriw  portion  of  a  skeleton  of 
the  Hpleeosauriu,  or  Fossil  Lisard  of  the  Weald,  lying  on  the  back;  the  anterior 
aspect  of  the  bones  is  therefore  seen  in  this  view. 

1 .  Portion  of  the  base  of  the  cranium. 

2.  Vertebrs  of  the  neck,  or  cervical. 

3.  Vertebrae  of  the  back,  or  dorsal. 

4.  Ribs,  for  the  most  part  perfect,  and  but  little  removed  from  their 

articulation  with  the  vertebrae. 

5,  5,  5.  Dermal  spines. 

6,  6,  6.  Three  very  large  dermal  spinous  processes :  each  15  inches  in  length, 

(p.  437.) 

7,  7.  Two  coracoid  bones  (belonging  to  the  chest). 

8,  8.  The  two  scapula. 

9.  The  glenoid  cavity,  or  socket  for  the  head  of  the  arm-bone,  formed  by 

the  imion  of  the  coracoid  and  scapula. 

10.  Detached  bones. 


*  By  mistake,  the  lithographer  has  inserted  "inches,"  instead  of  **feet"  in  the 
title  of  this  plate. 


1 

^1 

li-i-jiUC  UBKARY 

^M 

MT%n,  LlfKMT 

^H 

TlL»i*t    fOUHWATfOm 

^^M 

^ 

1 

1 

\ 

^ 

ADDENDA  TO  VOLUME  I. 


Kebulab  Theory  of  THEVniY^BSEypage  41. — The  following  remarks 
by  one  of  the  most  eminent  philosophers  of  our  times,  are  appended, 
with  the  view  of  showing,  that  although  the  nebular  theory  cannot  be 
regarded  as  having  any  pretensions  to  be  considered  as  a  philoso- 
phical theory  supported  by  direct  observations,  yet  as  suggestive 
of  the  effects  of  a  law  by  which  it  seems  propable  the  sidereal 
Universe  is  governed,  it  is  deserving  the  highest  consideration : — 
"  Should  the  powers  of  an  instrument  such  as  Lord  Bosse's  telescope, 
succeed  in  demonstrating  the  starry  nature  of  the  regular  elliptic 
nebulae  which  have  hitherto  resisted  such  decomposition,  the  idea  of 
4  nebulcma  matter,  in  the  nature  of  a  shining  fluid,  or  condensible 
gas,  must,  of  course,  cease  to  rest  on  any  support  derived  from  actual 
observations  in  the  sidereal  heavens,  whatever  countenance  it  may 
still  receive  in  the  minds  of  cosmogonists  from  the  tails  and  atmo- 
spheres of  comets,  and  the  zodiacal  light  in  our  own  system.  But 
though  all  idea  of  its  ever  being  given  to  mortal  eye,  to  view  aught  that 
can  be  regarded  as  an  outstanding  portion  of  primeval  chaos,  be  dissi- 
pated, it  will  by  no  means  have  been  even  then  demonstrated  that 
among  those  stars  so  confusedly  scattered,  no  aggregating  powers  are 
in  action,  tending  to  draw  them  into  groups,  and  insulate  them  from 
neighbouring  clusters;  and,  speaking  from  my  own  impression,  I 
should  say,  that  in  the  structure  of  the  Magellanic  Clouds,  it  is  really 
dificult  not  to  believe  we  see  distinct  evidences  of  the  exercise  of 
such  a  power. — Much  has  been  said  of  late  of  the  nebulous  hypothesis 
as  a  mode  of  representing  the  origin  of  our  own  planetary  system. 
An  idea  of  Laplace,  of  which  it  is  impossible  to  deny  the  ingenuity, 
of  the  successive  abandonment  of  planetary  rings,  collecting  them- 
selves into  planets  by  a  revolving  mass  gradually  shrinking  in  dimen- 
sions by  the  loss  of  heat,  and  finally  concentrating  itself  into  a  sun. 
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ADDENDA. 


has  been  inflififced  on  with  «ome  pertlmicityj  and  supposed  to  wnf« 
almost  demoiiBtrative  support,  frum  con  side  rationii  to  which  1  M 
present! J  refer.  I  am  by  do  meaiiB  dbpoaed  to  qimrml  with  lite 
nobulouB  liypothms  e^en  in  thisform,  a.H  a  matter  of  pure  apectiULiO'T), 
and  without  any  reference  to  final  causes ;  but  if  H  is  to  be  regnrdei 
as  a  demonstrated  truth,  or  as  receiving  the  smallest  support  from  itij- 
obsenrcd  numerical  T^lationa  which  actually  hold  good  among  Ik 
elements  of  the  planetary  orbits,  I  beg  leave  to  demur.  If  we  go  on 
<o  puflb  ita  applioation  to  that  extent,  we  clearly  theoriie  in  adTtuoe 
of  all  inductive  observation." — Addrem  to  the  Briiwh  A^sodaiimiidd 
at  Cmnbridffe,  m  Jitn^  1845 ;  ^if  Sir  J.  F.  W*  M&'sdielj  BurU 

OLBiaa  ON  ABEOLiTBa,  po^e  5^,— The  statement  in  the  teit  ia 
erroneouB,  Olbers  eitpreHsly  comments  on  the  non-discovertf  of  m&teOT- 
olites  in  tertiary  and  secondary  strata,  and  inquireii  whether  fwm  (hi 
abfienee  of  fossil  meteoric  stones  we  arc  to  infer  that  previous  to  the 
last  and  prcssent  armngement  of  the  earth's  surface,  no  Aerolites  bad 
fallen  upon  it ;  though,  aeeordin^  to  Sehdebers,  it  Is  probable  tbit 
the  phenomenon  now  occui^  not  less  than  700  times  Mmaally  1—^ 
Hvmholdi'ft  Cosmos,  trandated  by  Col.  Sabine. 

Masses  of  native  iron  containing  nickel ,  have  however  been  diseoTered 
in  Northern  Asia  in  an  aurifcroufi  dopoBitt  at  a  depth  of  40  feet :  ^^ 
also  in  the  Carpathian  mountains ;  and  these  ma^sea  are  reiy  hie 
undotibied  meteoric  stonea. 

There  is  a  fine  collection  of  Aerolitos^  admirably  arranged  by  ETi 
KiSnig^  in  the  gallery  of  mineralfi  of  the  British  Mu^nm. 

CnAKiita   Chalk   DETRiruSj,  page  354.— Since  this    notice  w» 
printed,  Mr.  Harria  has  favoured  me  with  a  more  particular  doacriptjou 
of  this  interesting  deposit.    The  village  of  Charing  is  situated  on  tbe 
bed  of  detritus,  which  in  many  places  is  twelve  feet  thick.   Mr*  HarriB 
has  obtained  from  it  most  of  the  species  of  Fonuninifera  which  oecar  in 
the  chalk  and  in  the  tertiary  strata  of  the  Paris  Basin.     Utftherina 
(marine  crustaceans  allied  to  the  fresh -water  Cyprides,  ante,  p.  405.) 
abound  in  the  detritus^  and  also  in  the  neighbouring  chalk  and  ehalk^ 
mari      From  the  abundance   of  small  land  and  fresh-water  shelli 
associated  with  these  cretaceous  forms,  Mr.  Harris  infers  that  the 
neighbouring  dry  land  was  clothed  with  vegetatioa  before  thia  local 
drift  was  formed. 
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A. 

AcANTHiAS,  fossil  spines  of,  342. 
Aerognathu*  hoops,  347,  352. 
Adriatic,  bed  of,  70. 
AeroUtes,  50,  472. 
•   of  Nanjenoy,  50. 

origin  of,  51. 

Olbers  on,  472. 

Humboldt,  Baron,  on,  52. 

African  Elephant,  teeth  of,  143. 
Agassiz,  M.  on  fossil  fishes,  340. 

glaciers,  73. 

Aiz,  fossils  of,  252  {see  260). 

insects,  262. 

Alethopteris  elegaru,  394. 
Alligator  Hantoniensis,  253. 
Alluvial  deposits,  39,  208. 
Alum  Bay,  241,  238. 
Alumine,  subsulphate  of,  239. 
Amber,  243. 

American  Cretaceous  formations,  814. 

Tertiary      ,281. 

Ammonites,  334. 

■  communis,  334. 

Mantelli,  330. 

Sussexiensis,  830. 

Andes,  tertiary  strata  of,  282,  288. 
Animals,  extinction  of,  125. 

extirpated  by  man,  126. 

Animalculites  m  chalk,  334. 
flint,  302. 

-  soft  parts  of  fossil,  803. 


Anoplotherium,  256. 
Antnracotheriimi,  257. 
Antiparos,  grotto  of,  79. 
Apteryx  of  New  Zealand,  128. 
Araucaria,  fossil,  381. 
Archseoniscus  Brodei,  405. 
Artesian  wells,  235. 

of  Grenelle,  23^. 

— ^— — ^-^  London,  236. 
Ascension,  Isle  of,  91. 

fossil  turtles  of,  91. 

Ashbumham  strata,  374. 
Asiatic  Elephant,  teeth  of,  143. 
Astronomy  in  relation  to  Geology,  49. 
Ava,  mastodons  of,  159. 
AulolepU  typwt  848,  352. 


Auroch,  fossil,  173, 
Auvergne,  geology  of,  267. 

fresh-water  strata  of,  272. 

mammalia  fossil  of,  274. 

extinct  volcanos  of,  269. 

-  review  of  geological  pheno- 


mena of,  274. 


B. 


Babbage,  Professor,  on  the  elevation  of 
land,  109. 

Bacou,  Lord,  quoted,  29. 

Bailey,  Dr.  W.  on  fossil  Infusoria,  281. 

Bagshot  sand,  230,  233. 

Bakewell,  Mr.  on  the  Moon,  451. 

Balcomb,  wealden  strata  at,  364. 

BayofBaias,  108. 

Naples,  111. 

Bays  in  the  Isle  of  Purbeck,  383. 

Beach,  raised,  at  Brighton,  113. 

Chili,  J  J  2. 

Bead  conglomerate,  88. 

Bears,  fossil,  of  the  caverns,  177. 

femur  of,  185. 

Bed  of  the  Adriatic,  70. 

— British  channel,  70. 

ocean,  69. 

Belemnites  in  Chalk,  336. 

Belemnitella  mucronata,  336. 

Bermuda  limestone,  84. 

Bensted,  Mr.,  Iguanodon  remains  dis- 
covered by,  427. 

Berkely,  Bishop,  quoted,  16. 

Beryx  in  Chalk,  346. 
-  radians,  350. 


-  Lewesiensis,  851. 


Big-bone  Lick,  157. 
Bignor,  fossil  fuci  ol,  318. 
Bishop  of  London,  quoted,  29. 
Birds'  feet,  characters  of,  145. 

fossil  bones  of,  440. 

Bognor  rocks,  240. 
Boiling  springs,  98. 
Bonchurch,  fossil  plants  of,  396. 
Bone  conglomerate,  185. 

microscopical  examination  of.  440. 

Bonn,  geology  of,  278. 
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Bomh&lm,  Ii]e  of,  ^7^* 
Eotildent  erratie,  209. 
BoiTcrtuuik,  Mr.*,  «n  itructiira  ol  iToa^i 

Brighton » -lia. 

cHfffi.  1 H, 

^ ralied  btiacti  ar»  IM. 

— tiyaatf  mutatiDna  of,  MD* 

BiitJih  Chaunelt  lnjd  of,  7(1* 
Drodiej  Rev.  F.^^  on  fossil  In^ects^  407. 
Brcmley^  fu4«ll  d^iit^^n^  of.  lU.  ZM, 
BriKJk  Point,  Isle  of  Wigtit.  378. 
Urown  caul  of  the  Rhine,  27fi> 
Byron^  Lord,  (luoted,  122. 


CalcDttT  Lady^  on  the  cuaAi  of  Chili*  112. 
Cani>c,  Ani^iffnt  BriliHb,  In  silu  H* 
Carhoniite  of  Lime^  195* 
Carbtsnlc  acid  g&&  in  cavea^  &L 
C0^ri;oniftfro[i!i  giynteni,  2Q4, 
CafnivoriiT  foisii]  in  caveB,  174. 

■ o&teoloffy  of,  13». 

Carpnlkheis  JSinithiFi^,  319. 
Castlu  Hill,  Newhiiveih,  115,  tn. 
Cautlty,  M^or,  tm  tlieSuti-Himalayahfi, 

16J. 
Carema,  78^  454. 

03fi1ferr)ii!^»  171« 

of  the  Bra»il»,  171. 

England,  179. 

Gtylenretith,  173, 

Kirkdale,  IBO. 

Kent's   Hol«,   near  ToTquay, 
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human  remains,  In,  1S1|  i34, 
CellosAurus,  412. 
Cervu*  me^aceroifi  152. 
Ctfslracion,  or  Port  Jficknon  Sharli:*  Ml. 
Chalk,  conipoBition  of,  2&B* 

' —  trinuiiits  of,  32fi. 

focmfttion,  201,  S0fl. 

fbasils  of,  31 3. 

— aiiiitialfulei  of,  321,  324. 

- — -—^ tishes,  33B,  357. 

— —  reptile*,  SflA. 

ahelU,  ^29- 


ziwphytei}  31ff. 


Chalk-marl,  307. 

Charing,  chalk  detritus  at,  324,  47Z. 

Chariesworth^  Mr.  on  the  Crng,  323. 

M0SA3aUTUBr  353. 

Chm,  elevation  of  the  coaat  of,  1 1 2. 
Chlmsra,  faBsH,  343. 
Claisiflcation  of  fishes,  340. 

— — —  tertiajy  strata,  SI  5, 

' — rocks,  37. 


fortnations,  2O0. 


Clftthraria  Lyelltt,  ^5,  3S6. 
Coal  in  peat-bOBS,  66,  ST. 


Coal  in   tertiary,  M2t  200,  278, 

of  the  Wealden,  23t. 

Coins  in  comrNmntirateaT  ^2, 84. 

CalotDbla  river,  s ubmeiigvd  ftifeit tfl, SMI> 

ColwttDl  fossil  Turtle,  104. 

C^lOMMocht^^^g  Atia*,  164. 

Comparattve  ad  atomy,  137. 

Coaifera,  fossH,  379,  ^86,  3^,  399. 

Conglomerates^  oaaeont,  1S5. 

—  of  GihraJtar,  ISS. 

' with  beads,  §3. 

' ■ coins,  &2,  S4. 

C&moiidailBti  <ifmnd,  ^^  ]{VJE. 

bjJroiitSS.1 

C^ipTCiHtes.  346. 
Coralline  Crag,  224, 
Cornwall,  DKeut  HmeBtotie  uf.  92, 
Country  of  the  I  guano  don,  442. 
Crab,  fus»i]  of,  Malta,  2dl. 
Crag,  deposits  of,  22 J(. 

Charlejj worth,  Mr,  on,  223, 

' "Wcjod  i^eark'^,  Mr.  on,  ^5. 

Craufurd,  Mr.,  on  fos<j|ji  ftom  Afi^| 
Cretaceous  fqnuationii,  2L>0.  J 

of  AmeTioi,! 

— ■  -    EngilBii4  S*^ 

— — Russia,  I" 

Crinotdisa  of  the  Ckalk>  326. 
Crust  of  the  L'arth.  3l«  35, 
Crustaceans  of  the  tertiary^  249, 

■   Clialk,  337, 

—  Wealden,  405. 

Crystallisation,  195. 

Ctenoid  ridhes,  1140. 

Cuml>rian  Sajstem,,  205, 

Currents,  eOt>et  of,  70. 

Cu  vie  r,princi  \>  le«  of  pal,eDn  tajngy  hy,t1 

Cuverian  pachyderms^  fuwll,  256. 

Cycadeous  plants,  fossil,  3^7*  :J9»S. 

Cytlaa  of  the  Wttalden,  404. 

Cycloid  fl&hes,  34fl. 

C^iuffi  c&HHaiti,  436. 

Cyprideif  fb8iill,ZS],ia£. 


DamKn,  Cha«.  E«|.  on  the  Pamptti,  Ifif  - 

Anciei*]l»|, 

Davy,  Sir  H.,  on  the  Solfatom,  45i, 
J>eAne,  Memy*  Mr.  on  Xantkidia^  I9i< 
Delta  of  tho  Gangea,  57. 

Mtut»iipbi,  58. 

Nile,  60. 

— ^  Wealden,  370. 

Derretis  e|iini,'ALuSj  349,  332. 
Benual  hones  of  GonJopholls,  4l7. 

Hylxogaurufe,  4i 

spinea  1^1 

D«tritufl  at  Charing,  324,  472. 
Devonian  System,  204. 
Dew,  James,  foasJl  sculptor^  163, 
DidUi  intpiitst  130. 
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Diefifenbach,  Dr.  on  Tongariro,  99. 

Diluvium,  39. 

Dinkel,  M.  drawings  by,  346. 

Dinomis  orMoa,  129. 

Dinosaurians,  419. 

Dinotherlum,  J  73. 

Dirt-bed  of  Portland,  887. 

'  Purbeck,  389. 

Swindon,  390. 

Disintegrated  granite,  80. 
Displaced  strata,  197. 
Dodo,  130. 
Drachenfels,  277. 
Drift,  200,  208. 

of  Scandinavia,  211. 

at  Muswell  HiU,  213. 

• •  sand  of  Egypt,  91. 

= Cornwall,  93. 

Peru,  92. 

Druid  sandstone,  234. 
Dunker,  Dr.  W.  on  the  Wealden  of  Ger- 
many, 877. 
Duration  of  Geological  Epochs,  80. 
Durlstone  Bay,  382. 


£. 

Earth,  appearance  of,  from  space,  32. 

crust  of,  31,  35. 

■  gaseous  state  of,  48. 

internal  heat  of,  31. 

structure  of,  31. 

Echinites  of  the  Chalk,  327,  328. 

Edentata,  fossil,  165. 

Egerton,  Sir  P.  on  Wealden  fishes,  409. 

. Cbimaeroid ,343, 

429. 
Egypt,  drifted  sands  of,  91. 
Elasmotherium,  154. 
Elephants,  fossil,  147. 

— teeth  of,  142. 

. in  ice,  151. 

of  Brighton  Cliffs,  1 14, 


Existing  geological  agents,  53. 
Expansion  of  rocks  by  heat,  106. 
Extinct  volcanoes  of  Auvergne,  466. 

the  Rhine,  276. 

Extinction  of  animals,  125, 127. 


P. 

Fairholme,  Mr.  on  the  earth's  surface, 

36. 
Faults  in  rocks,  199. 
Feet  of  birds,  structure  of,  145. 
Femur  of  Bear,  186. 

of  Iguanodon„431. 

Firestone,  or  Upper  greensand,  307. 
Fishes,  fossil,  arrangement  of,  839. 

cretaceous,  338,  857. 

> of  Aix,  260. 

Monte  Bolca,  265. 

the  Wealden,  407. 


150. 


the  Thames,  149. 
the  Norfolk  coast. 


150. 
Elephasprimigenius,  160. 
Elevation  of  the  coast  at  Brighton,  118. 

of  Chili,  112. 

temple  at  Puzzuoli,  106. 


Scandinavia,  116. 

Elk,  Irish,  fossil,  132. 
Encke's  comet,  45. 
Endogenites  erosa,  394. 
England,  geology  of,  207. 

geological  map  of,  462. 

Eocene  deposits,  216,  220, 226. 
Epoch  of  terrestrial  mammalia,  134. 
Erratic  boulders,  209. 
Evaporation,  amount  of,  56. 
ExcavBtion  of  valleys,  276. 


-  scales  of,  340. 


Fitton,   Dr.  Geology  of  Hastings,  by, 
367,  369. 

on  the  Strata  below  the  Chalk, 

386. 

Fleming,  Dr.  on  the  Mammoths,  158. 
Flint  nodules  and  veins,  300. 
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